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PROTEINS AND NUCLEIC ACIDS ENCODING SAME 

FIELD OF THE INVENTION 

The invention generally relates to nucleic acids and polypeptides encoded thereby. 

BACKGROUND OF THE INVENTION 

The invention generally relates to nucleic acids and polypeptides encoded therefrom. 
More specifically, the invention relates to nucleic acids encoding cytoplasmic, nuclear, 
membrane bound, and secreted polypeptides, as well as vectors, host cells, antibodies, and 
recombinant methods for producing these nucleic acids and polypeptides. 

SUMMARY OF THE INVENTION 

The invention is based in part upon the discovery of nucleic acid sequences encoding 
novel polypeptides. The novel nucleic acids and polypeptides are referred to herein as NOVX, 
or NOV1, NOV2, NOV3, NOV4, NOV5, NOV6, NOV7, NOV8, NOV9, NOV10, NOV1 1, 
and NOV12 nucleic acids and polypeptides. These nucleic acids and polypeptides, as well as 
derivatives, homologs, analogs and fragments thereof, will hereinafter be collectively 
designated as "NOVX" nucleic acid or polypeptide sequences. 

In one aspect, the invention provides an isolated NOVX nucleic acid molecule 
encoding a NOVX polypeptide that includes a nucleic acid sequence that has identity to the 
nucleic acids disclosed in SEQ ID NOS:l, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 
3 1 . In some embodiments, the NOVX nucleic acid molecule will hybridize under stringent 
conditions to a nucleic acid sequence complementary to a nucleic acid molecule that includes 
a protein-coding sequence of a NOVX nucleic acid sequence. The invention also includes an 
isolated nucleic acid that encodes a NOVX polypeptide, or a fragment, homolog, analog or 
derivative thereof. For example, the nucleic acid can encode a polypeptide at least 80% 
identical to a polypeptide comprising the amino acid sequences of SEQ ID NOS:2, 4, 6, 8, 10, 
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, and 32. The nucleic acid can be, for example, a genomic 
DNA fragment or a cDNA molecule that includes the nucleic acid sequence of any of SEQ ID 
NOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 31. 

Also included in the invention is an oligonucleotide, e.g. 9 an oligonucleotide which 
includes at least 6 contiguous nucleotides of aNOVX nucleic acid (e.g., SEQ ID NOS:l, 3, 5, 
7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 31) or a complement of said oligonucleotide. 
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Also included in the invention are substantially purified NOVX polypeptides (SEQ ID 
NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, and 32). In certain embodiments, the 
NOVX polypeptides include an amino acid sequence that is substantially identical to the 
amino acid sequence of a human NOVX polypeptide. 
5 The invention also features antibodies that immunoselectively bind to NOVX 

polypeptides, or fragments, homologs, analogs or derivatives thereof. 

In another aspect, the invention includes pharmaceutical compositions that include 
therapeutically- or prophylactically-effective amounts of a therapeutic and apharmaceutically- 
acceptable carrier. The therapeutic can be, e.g., a NOVX nucleic acid, a NOVX polypeptide, 
10 or an antibody specific for a NOVX polypeptide. In a further aspect, the invention includes, in 
one or more containers, a therapeutically- or prophylactically-effective amount of this 
pharmaceutical composition. 

In a further aspect, the invention includes a method of producing a polypeptide by 
culturing a cell that includes a NOVX nucleic acid, under conditions allowing for expression 
15 of the NOVX polypeptide encoded by the DNA. If desired, the NOVX polypeptide can then 
be recovered. 

In another aspect, the invention includes a method of detecting the presence of a 
NOVX polypeptide in a sample. In the method, a sample is contacted with a compound that 
selectively binds to the polypeptide under conditions allowing for formation of a complex 
20 between the polypeptide and the compound. The complex is detected, if present, thereby 
identifying the NOVX polypeptide within the sample. 

The invention also includes methods to identify specific cell or tissue types based on 
their expression of a NOVX. 

Also included in the invention is a method of detecting the presence of a NOVX 
25 nucleic acid molecule in a sample by contacting the sample with a NOVX nucleic acid probe 
or primer, and detecting whether the nucleic acid probe or primer bound to a NOVX nucleic 
acid molecule in the sample. 

In a further aspect, the invention provides a method for modulating the activity of a 
NOVX polypeptide by contacting a cell sample that includes the NOVX polypeptide with a 
30 compound that binds to the NOVX polypeptide in an amount sufficient to modulate the 

activity of said polypeptide. The compound can be, e.g., a small molecule, such as a nucleic 
acid, peptide, polypeptide, peptidomimetic, carbohydrate, lipid or other organic (carbon 
containing) or inorganic molecule, as further described herein. 
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Also within the scope of the invention is the use of a therapeutic in the manufacture of 
a medicament for treating or preventing disorders or syndromes including, e.g., 
cardiomyopathy, atherosclerosis, hypertension, congenital heart defects, aortic stenosis, atrial 
septal defect (ASD), atrioventricular (A-V) canal defect, ductus arteriosus, pulmonary 
5 stenosis, subaortic stenosis, ventricular septal defect (VSD), valve diseases, hypercoagulation, 
hemophilia, idiopathic thrombocytopenic purpura, heart failure, secondary pathologies caused 
by heart failure and hypertension, hypotension, angina pectoris, myocardial infarction, 
tuberous sclerosis, scleroderma, transplantation, autoimmune disease, lupus erythematosus, 
viral/bacterial/parasitic infections, multiple sclerosis, autoimmume disease, allergies, 

10 immunodeficiencies, graft versus host disease, asthma, emphysema, ARDS, inflammation and 
modulation of the immune response, viral pathogenesis, aging-related disorders, Thl 
inflammatory diseases such as rheumatoid arthritis, multiple sclerosis, inflammatory bowel 
diseases, AIDS, wound repair, obesity, diabetes, endocrine disorders, anorexia, bulimia, renal 
artery stenosis, interstitial nephritis, glomerulonephritis, polycystic kidney disease, systemic, 

15 renal tubular acidosis, IgA nephropathy, nephrological disesases, hypercalceimia, Lesch- 

Nyhan syndrome, Von Hippel-Lindau (VHL) syndrome, trauma, regeneration (in vitro and in 
vivo), Hirschsprung's disease , Crohn's Disease, appendicitis, endometriosis, laryngitis, 
psoriasis, actinic keratosis, acne, hair growth/loss, allopecia, pigmentation disorders, 
myasthenia gravis, alpha-mannosidosis, beta-mannosidosis, other storage disorders, 

20 peroxisomal disorders such as Zellweger syndrome, infantile refsum disease, rhizomelic 
chondrodysplasia (chondrodysplasia punctata, rhizomelic), and hyperpipecolic acidemia, 
osteoporosis, muscle disorders, urinary retention, Albright Hereditary Ostoeodystrophy, 
ulcers, Alzheimer's disease, stroke, Parkinson's disease, Huntington's disease, cerebral palsy, 
epilepsy, Lesch-Nyhan syndrome, multiple sclerosis, ataxia-telangiectasia, behavioral 

25 disorders, addiction, anxiety, pain, neuroprotection, Stroke, Aphakia, neurodegenerative 

disorders, neurologic disorders, developmental defects, conditions associated with the role of 
GRK2 in brain and in the regulation of chemokine receptors, encephalomyelitis, anxiety, 
schizophrenia, manic depression, delirium, dementia, severe mental retardation and 
dyskinesias, Gilles de la Tourette syndrome, leukodystrophies, cancers, breast cancer, CNS 

30 cancer, colon cancer, gastric cancer, lung cancer, melanoma, ovarian cancer, pancreatic 
cancer, kidney cancer, colon cancer, prostate cancer, neuroblastoma, and cervical cancer, 
Neoplasm; adenocarcinoma, lymphoma; uterus cancer, benign prostatic hypertrophy, fertility, 
control of growth and development/differentiation related functions such as but not limited 
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maturation, lactation and puberty, reproductive malfunction, and/or other pathologies and 
disorders of the like. 

The therapeutic can be, e.g., a NOVX nucleic acid, a NOVX polypeptide, or a NOVX- 
specific antibody, or biologically-active derivatives or fragments thereof. 

5 For example, the compositions of the present invention will have efficacy for treatment 

of patients suffering from the diseases and disorders disclosed above and/or other pathologies 
and disorders of the like. The polypeptides can be used as immunogens to produce antibodies 
specific for the invention, and as vaccines. They can also be used to screen for potential 
agonist and antagonist compounds. For example, a cDNA encoding NOVX may be useful in 

10 gene therapy, and NOVX may be useful when administered to a subject in need thereof. By 
way of non-limiting example, the compositions of the present invention will have efficacy for 
treatment of patients suffering from the diseases and disorders disclosed above and/or other 
pathologies and disorders of the like. 

The invention further includes a method for screening for a modulator of disorders or 

15 syndromes including, e.g., the diseases and disorders disclosed above and/or other pathologies 
and disorders of the like. The method includes contacting a test compound with a NOVX 
polypeptide and determining if the test compound binds to said NOVX polypeptide. Binding 
of the test compound to the NOVX polypeptide indicates the test compound is a modulator of 
activity, or of latency or predisposition to the aforementioned disorders or syndromes. 

20 Also within the scope of the invention is a method for screening for a modulator of 

activity, or of latency or predisposition to disorders or syndromes including, e.g., the diseases 
and disorders disclosed above and/or other pathologies and disorders of the like by 
administering a test compound to a test animal at increased risk for the aforementioned 
disorders or syndromes. The test animal expresses a recombinant polypeptide encoded by a 
• 25 NOVX nucleic acid. Expression or activity of NOVX polypeptide is then measured in the test 
animal, as is expression or activity of the protein in a control animal which recombinantly- 
expresses NOVX polypeptide and is not at increased risk for the disorder or syndrome. Next, 
the expression of NOVX polypeptide in both the test animal and the control animal is 
compared A change in the activity of NOVX polypeptide in the test animal relative to the 

30 control animal indicates the test compound is a modulator of latency of the disorder or 
syndrome. 

In yet another aspect, the invention includes a method for determining the presence of 
or predisposition to a disease associated with altered levels of a NOVX polypeptide, a NOVX 
nucleic acid, or both, in a subject (e.g, a human subject). The method includes measuring the 
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amount of the NOVX polypeptide in a test sample from the subject and comparing the amount 
of the polypeptide in the test sample to the amount of the NOVX polypeptide present in a 
control sample. An alteration in the level of the NOVX polypeptide in the test sample as 
compared to the control sample indicates the presence of or predisposition to a disease in the 

5 subject. Preferably, the predisposition includes, e.g., the diseases and disorders disclosed 

above and/or other pathologies and disorders of the like. Also, the expression levels of the new 
polypeptides of the invention can be used in a method to screen for various cancers as well as 
to determine the stage of cancers. 

In a further aspect, the invention includes a method of treating or preventing a 

1 0 pathological condition associated with a disorder in a mammal by administering to the subj ect 
aNOVX polypeptide, aNOVX nucleic acid, or aNOVX-specific antibody to a subject (eg., a 
human subject), in an amount sufficient to alleviate or prevent the pathological condition. In 
preferred embodiments, the disorder, includes, e.g., the diseases and disorders disclosed above 
and/or other pathologies and disorders of the like. 

15 In yet another aspect, the invention can be used in a method to identity the cellular 

receptors and downstream effectors of the invention by any one of a number of techniques 
commonly employed in the art. These include but are not limited to the two-hybrid system, 
affinity purification, co-precipitation with antibodies or other specific-interacting molecules. 
Unless otherwise defined, all technical and scientific terms used herein have the same 

20 meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Although methods and materials similar or equivalent to those described herein can 
be used in the practice or testing of the present invention, suitable methods and materials are 
described below. All publications, patent applications, patents, and other references 
mentioned herein are incorporated by reference in their entirety. In the case of conflict, the 

25 present specification, including definitions, will control. In addition, the materials, methods, 
and examples are illustrative only and not intended to be limiting. 

Other features and advantages of the invention will be apparent from the following 
detailed description and claims. 

30 DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides novel nucleotides and polypeptides encoded thereby. 
Included in the invention are the novel nucleic acid sequences and their encoded polypeptides. 
The sequences are collectively referred to herein as "NOVX nucleic acids" or "NOVX 
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polynucleotides" and the corresponding encoded polypeptides are referred to as "NOVX 
polypeptides" or "NOVX proteins." Unless indicated otherwise, "NOVX" is meant to refer to 
any of the novel sequences disclosed herein. Table A provides a summary of the NOVX 
nucleic acids and their encoded polypeptides. 
5 TABLE A. Sequences and Corresponding SEQ ID Numbers 



NOVX 
Assignment 


Internal Identification 


SEQ ID 

NO 
^nutieic 

acid) 


SEQ ID NO 

/nnl vn t\ A e\ 

ipoiyp cp iiae ) 


Homology 


la 


GMba58ol_A_dal 


1 


2 


Transmembrane receptor 
UNC5H2-like 


ID 


uIUUqOOOI r\ 


•a 
o 


4 


UNC5H2-like 


Co. 


^P] 26422078 A 


5 




Tyrosine Phosphatase 
Precursor-like 


2b 


CG50718-02 


7 


8 


Glomerular Mesangial Cell 
Receptor Protein Tyrosine 
Phosphatase Precursor like 


2c 


CG50718-05 


9 


10 


Glomerular Mesangial Cell 
Receptor Protein Tyrosine 
Phosphatase Precursor like 


3 


134899552_EXT 


11 


12 


Human homolog of the 
Drosophila pecanex-like 


4 


SC140515441_A 


13 


14 


Aurora- related kinase 1- 
like 


5 


SC44326718_A 


15 


16 


26S protease regulatory 
subunit 4-like 


6 


GMAC073364 Adal 


17 


18 


Mitsugumin2 9-like 


7 


106973211_EXT 


19 


20 


Wnt-15-like 


8 


88091010-EXT 


21 


22 


Wnt-14-like 


9 


AC069250_28_dal 


23 


24 


Beta-adrenergic receptor 
kinase-like 


10 


AC058790_da25 


25 


26 


Alpha-mannosidase-like 


11a 


GM57107065_dal 


27 


28 


Clq-related factor-like 


lib 


CG54503-02 


29 


30 


Clq-related factor-like 


12 


SC132340676_A 


31 


32 


Plexin 1-like 



NOVX nucleic acids and their encoded polypeptides are useful in a variety of 
applications and contexts. The various NOVX nucleic acids and polypeptides according to the 
invention are useful as novel members of the protein families according to the presence of 
domains and sequence relatedness to previously described proteins. Additionally, NOVX 
nucleic acids and polypeptides can also be used to identify proteins that are members of the 
family to which the NOVX polypeptides belong. 

NOV1 is homologous to the transmembrane receptor UNC5H2-like family of proteins. 

Thus, NOV1 nucleic acids and polypeptides, antibodies and related compounds according to 

the invention will be useful in therapeutic and diagnostic applications implicated in, for 

example; cardiomyopathy, atherosclerosis, hypertension, congenital heart defects, aortic 

stenosis, atrial septal defect (ASD), atrioventricular (A-V) canal defect, ductus arteriosus, 

6 
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pulmonary stenosis, subaortic stenosis, ventricular septal defect (VSD), valve diseases, 
tuberous sclerosis, scleroderma, obesity, transplantation, diabetes, autoimmune disease, renal 
artery stenosis, interstitial nephritis, glomerulonephritis, polycystic kidney disease, systemic 
lupus erythematosus, renal tubular acidosis, IgA nephropathy, hypercalcemia, Lesch-Nyhan 
5 syndrome, Von Hippel-Lindau (VHL) syndrome, Alzheimer's disease, stroke, tuberous 
sclerosis, Parkinson's disease, Huntington's disease, cerebral palsy, epilepsy, Lesch-Nyhan 
syndrome, multiple sclerosis, ataxia-telangiectasia, leukodystrophies, behavioral disorders, 
addiction, anxiety, pain, neuroprotection, cancers, and/or other pathologies and disorders. Also 
since this gene is expressed at a measurably higher level in several cancer cell lines (including 

10 breast cancer, CNS cancer, colon cancer, gastric cancer, lung cancer, melanoma, ovarian 
cancer and pancreatic cancer), it may be useful in diagnosis and treatment of these cancers. 

NOV2 is homologous to the protein tyrosine phosphatase precursor-like family of 
proteins. Thus NOV2 nucleic acids, polypeptides, antibodies and related compounds 
according to the invention will be useful in therapeutic and diagnostic applications implicated 

15 in, for example; cancer, kidney cancer, trauma, regeneration (in vitro and in vivo), 

viral/bacterial/parasitic infections, nephrological disesases including diabetes, autoimmune 
disease, renal artery stenosis, interstitial nephritis, glomerulonephritis, polycystic kidney 
disease, systemic lupus erythematosus, renal tubular acidosis, IgA nephropathy, 
hypercalceimia, Lesch-Nyhan syndrome, Hirschsprung's disease , Crohn's Disease, 

20 appendicitis, and/or other pathologies and disorders. 

NOV3 is homologous to the Human homolog of the Drosophila pecanex family of 
proteins. Thus NOV3 nucleic acids, polypeptides, antibodies and related compounds 
according to the invention will be useful in therapeutic and diagnostic applications implicated 
in, for example; cancer,trauma, regeneration (in vitro and in vivo), viral/bacterial/parasitic 

25 infections, cardiomyopathy, atherosclerosis, hypertension, congenital heart defects, aortic 
stenosis, atrial septal defect (ASD), atrioventricular (A-V) canal defect, ductus arteriosus, 
pulmonary stenosis, subaortic stenosis, ventricular septal defect (VSD), valve diseases, 
tuberous sclerosis, multiple sclerosis, scleroderma, obesity, endometriosis, fertility, 
hypercoagulation, autoimmume disease, allergies, immunodeficiencies, transplantation, 

30 hemophilia, idiopathic thrombocytopenic purpura, graft versus host disease, Von Hippel- 
Lindau (VHL) syndrome, Alzheimer's disease, stroke, hypercalceimia, Parkinson's disease, 
Huntington's disease, cerebral palsy, epilepsy, ataxia-telangiectasia, leukodystrophies, 
behavioral disorders, addiction, anxiety, pain, neuroprotection, systemic lupus erythematosus, 
asthma, emphysema, ARDS, laryngitis, psoriasis, actinic keratosis, acne, hair growth/loss, 
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allopecia, pigmentation disorders, endocrine disorders, diabetes, renal artery stenosis, 
interstitial nephritis, glomerulonephritis, polycystic kidney disease, systemic lupus 
erythematosus, renal tubular acidosis, IgA nephropathy, Lesch-Nyhan syndrome, and a variety 
of kidney diseases and/or other pathologies and disorders. 
5 NOV4 is homologous to a family of Aurora-related kinase 1-like proteins. Thus, the 

NOV4 nucleic acids and polypeptides, antibodies and related compounds according to the 
invention will be useful in therapeutic and diagnostic applications implicated in, for example: 
breast, ovarian, colon, prostate, neuroblastoma, and cervical cancer, Cardiomyopathy, 
Atherosclerosis, Hypertension, Congenital heart defects, Aortic stenosis, Atrial septal defect 

10 (ASD), Atrioventricular (A-V) canal defect, Ductus arteriosus, Pulmonary stenosis, Subaortic 
stenosis, Ventricular septal defect (VSD), valve diseases, Tuberous sclerosis, Scleroderma, 
Obesity, Transplantation, Diabetes, Von Hippel-Lindau (VHL) syndrome, Pancreatitis, 
Alzheimer's disease, Stroke, hypercalcemia, Parkinson's disease, Huntington's disease, 
Cerebral palsy, Epilepsy, Lesch-Nyhan syndrome, Multiple sclerosis, Ataxia-telangiectasia, 

1 5 Leukodystrophies, Behavioral disorders, Addiction, Anxiety, Pain, and Neuroprotection, 
and/or other pathologies. 

NOV5 is homologous to the 26S protease regulatory subunit 4-like family of proteins. 
Thus, NOV5 nucleic acids, polypeptides, antibodies and related compounds according to the 
invention will be useful in therapeutic and diagnostic applications implicated in, for example: 

20 cataract and Aphakia, Alzheimer's disease, neurodegenerative disorders, inflammation and 
modulation of the immune response, viral pathogenesis, aging-related disorders, neurologic 
disorders, cancer, and/or other pathologies. 

NOV6 is homologous to the MITSUGUMIN29-like family of proteins. Thus, NOV6 
nucleic acids, polypeptides, antibodies and related compounds according to the invention will 

25 be useful in therapeutic and diagnostic applications implicated in, for example: muscular 
dystrophy, Lesch-Nyhan syndrome, myasthenia gravis, diabetes, autoimmune disease, renal 
artery stenosis, interstitial nephritis, glomerulonephritis, polycystic kidney disease, systemic 
lupus erythematosus, renal tubular acidosis, IgA nephropathy, hypercalceimia, 
cardiomyopathy, atherosclerosis, hypertension, congenital heart defects, aortic stenosis, atrial 

30 septal defect (ASD), atrioventricular (A-V) canal defect, ductus arteriosus, pulmonary 

stenosis, subaortic stenosis, ventricular septal defect (VSD), valve diseases, tuberous sclerosis, 
scleroderma, obesity, transplantation, adrenoleukodystrophy , congenital adrenal hyperplasia, 
and other diseases, disorders and conditions of the like. Also since the invention is highly 
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expressed in one of the lung cancer cell lines (Lung cancer NCI-H522 ), it may be useful in 

diagnosis and treatment of this cancer. 

NOV7 is homologous to the Wnt-15-like family of proteins. Thus NOV7 nucleic acids, 

polypeptides, antibodies and related compounds according to the invention will be useful in 

5 Von Hippel-Lindau (VHL) syndrome , Alzheimer's disease, stroke, tuberous sclerosis, 

hypercalceimia, Parkinson's disease, Huntington's disease, cerebral palsy, epilepsy, Lesch- 

Nyhan syndrome, multiple sclerosis, ataxia-telangiectasia, leukodystrophies, behavioral 

disorders, addiction, anxiety, pain, neurodegeneration, cancer, developmental defects, and/or 

other pathologies/disorders. 

10 NOV8 is homologous to members of the Wnt-14-like family of proteins. Thus, the 

NOV8 nucleic acids, polypeptides, antibodies and related compounds according to the 
invention will be useful in therapeutic and diagnostic applications implicated in, for example; 
Von Hippel-Lindau (VHL) syndrome , Alzheimer's disease, stroke, tuberous sclerosis, 
hypercalceimia, Parkinson's disease, Huntington's disease, cerebral palsy, epilepsy, Lesch- 

15 Nyhan syndrome, multiple sclerosis, ataxia-telangiectasia, leukodystrophies, behavioral 

disorders, addiction, anxiety, pain, neurodegeneration, cancer, developmental defects, and/or 
other pathologies/disorders. 

NOV9 is homologous to the beta adrenergic receptor kinase-like family of proteins. 
Thus, NOV9 nucleic acids and polypeptides, antibodies and related compounds according to 

20 the invention will be useful in therapeutic and diagnostic applications implicated in, for 
example: heart failure, hypertension, secondary pathologies caused by heart failure and 
hypertension, and other diseases, disorders and conditions of the like. Additionally, the 
compositions of the present invention may have efficacy for treatment of patients suffering 
from conditions associated with the role of GRK2 in brain and in the regulation of chemokine 

25 receptors. 

NOV10 is homologous to the alpha-mannosidase-like family of proteins. Thus, 
NOV 10 nucleic acids and polypeptides, antibodies and related compounds according to the 
invention will be useful in therapeutic and diagnostic applications implicated in, for example: 
alpha-mannosidosis, beta-mannosidosis, other storage disorders, peroxisomal disorders such as 
30 Zellweger syndrome, infantile refsum disease, rhizomelic chondrodysplasia (chondrodysplasia 
punctata, rhizomelic), and hyperpipecolic acidemia and other diseases, disorders and 
conditions of the like, and/or other pathologies/disorders. 

NOV1 1 is homologous to the Clq-related factor-like family of proteins. Thus, NOV1 1 
nucleic acids and polypeptides, antibodies and related compounds according to the invention 
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will be useful in therapeutic and diagnostic applications implicated in, for example: Thl 
inflammatory diseases such as rheumatoid arthritis, multiple sclerosis, inflammatory bowel 
diseases and psoriasis, lupus erythematosus and glomerulonephritis, control of growh and 
development/differentiation related functions such as but not limited maturation, lactation and 
5 puberty, osteoporosis, obesity, aging and reproductive malfunction and hence could be used in 
treatment and/or diagnosis of these disorders. 

NOV12 is homologous to the Plexin-1 like family of proteins. Thus, NOV12 nucleic 
acids and polypeptides, antibodies, and related compounds according to the invention will be 
useful in therapeutic and diagnostic applications implicated in, for example: AIDS, cancer 

10 therapy, treatment of Neurologic diseases, Brain and/or autoimmune disorders like 

encephalomyelitis, neurodegenerative disorders, Alzheimer's Disease, Parkinson's Disorder, 
immune disorders, and hematopoietic disorders, endocrine diseases, muscle disorders, 
inflammation and wound repair, bacterial, fungal, protozoal and viral infections (particularly 
infections caused by HIV-1 or HIV-2), pain, cancer (including but not limited to Neoplasm; 

15 adenocarcinoma; lymphoma; prostate cancer; uterus cancer), anorexia, bulimia, asthma, 
Parkinson's disease, acute heart failure, hypotension, hypertension, urinary retention, 
osteoporosis, Crohn's disease; multiple sclerosis; and Treatment of Albright Hereditary 
Osteodystrophy, angina pectoris, myocardial infarction, ulcers, asthma, allergies, benign 
prostatic hypertrophy, and psychotic and neurological disorders, including anxiety, 

20 schizophrenia, manic depression, delirium, dementia, severe mental retardation and 

dyskinesias, such as Huntington's disease or Gilles de la Tourette syndrome, and/or other 
pathologies/disorders. 

The NOVX nucleic acids and polypeptides can also be used to screen for molecules, 
which inhibit or enhance NOVX activity or function. Specifically, the nucleic acids and 

25 polypeptides according to the invention may be used as targets for the identification of small 
molecules that modulate or inhibit, e.g. , neurogenesis, cell differentiation, cell proliferation, 
hematopoiesis, wound healing and angiogenesis. 

Additional utilities for the NOVX nucleic acids and polypeptides according to the 
invention are disclosed herein. 

30 NOV1 

NOV1 includes three novel transmembrane receptor UNC5H2-like proteins disclosed 
below. The disclosed sequences have been named NOVla and NOVlb. 

10 
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NOVla 

A disclosed NOVla nucleic acid of 2860 nucleotides (also referred to as 
GMba58ol_A_dal ) encoding a transmembrane receptor UNC5H2-like protein is shown in 
Table 1 A. An open reading frame was identified beginning with an ATG initiation codon at 
nucleotides 59-61 and ending with a TGA codon at nucleotides 2858-2860. A putative 
untranslated region upstream from the initiation codon and downstream from the termination 
codon is underlined in Table 1 A. The start and stop codons are in bold letters. 



Table 1A. NOVla nucleotide sequence (SEQ ID NO:l). 

AGACTGGGGCCAGGGAGACAGCCCTGGGGGAGAGGCGCCCGAACCAGGCCGCGGGAGCA TGGGGGCCCGGAG 
CGGAGCTCGGGGCGCGCTGCTGCTGGCACTGCTGCTCTGCTGGGACCCGAGGCTGAGCCAAGCAGGCACTGA 
TTCTGGCAGCGAGGTGCTCCCTGACTCCTTCCCGTCAGCGCCAGCAGAGCCGCTGCCCTACTTCCTGCAGGA 
GCCACAGGACGCCTACATTGTGAAGAACAAGCCTGTGGAGCTCCGCTGCCGCGCCTTCCCCGCCACACAGAT 
CTACTTCAAGTGCAACGGCGAGTGGGTCAGCCAGAACGACCACGTCACACAGGAAGGCCTGGATGAGGCCAC 
CGGT CTGCGGGT GCGCGAGGTGCAGAT CGAGGTGTCGCGGCAGCAGGTGGAGGAGCTCTTTGGGCTGGAGGA 
TTACTGGTGCCAGTGCGTGGCCTGGAGCTCCGCGGGCACCACCAAGAGTCGCCGAGCCTACGTCCGCATCGC 
CTACCTGCGCAAGAACTTCGATCAGGAGCCTCTGGGCAAGGAGGTGCCCCTGGACCATGAGGTTCTCCTGCA 
GTGCCGCCCGCCGGAGGGGGTGCCTGTGGCCGAGGTGGAATGGCTCAAGAATGAGGATGTCATCGACCCCAC 
CCAGGACACCAACTTCCTGCTCACCATCGACCACAACCTCATCATCCGCCAGGCCCGCCTGTCGGACACTGC 
CAACTATACCTGCGTGGCCAAGAACATCGTGGCCAAACGCCGGAGCACCACTGCCACCGTCATCGTCTACGT 
GAATGGCGGCTGGTCCAGCTGGGCAGAGTGGTCACCCTGCTCCAACCGCTGTGGCCGAGGCTGGCAGAAGCG 
CACCCGGACCTGCACCAACCCCGCTCCACTCAACGGAGGGGCCTTCTGCGAGGGCCAGGCATTCCAGAAGAC 
CGCCTGCACCACCATCTGCCCAGTCGATGGGGCGTGGACGGAGTGGAGCAAGTGGTCAGCCTGCAGCACTGA 
GTGTGCCCACTGGCGTAGCCGCGAGTGCATGGCGCCCCCACCCCAGAACGGAGGCCGTGACTGCAGCGGGAC 
GCTGCTCGACTCTAAGAACTGCACAGATGGGCTGTGCATGCAACTGGAGGCCTCAGGGGATGCGGCGCTGTA 
TGCGGGGCTCGTGGTGGCCATCTTCGTGGTCGTGGCAATCCTCATGGCGGTGGGGGTGGTGGTGTACCGCCG 
CAACTGCCGTGACTTCGACACAGACATCACTGACTCATCTGCTGCCCTGACTGGTGGTTTCCACCCCGTCAA 
CTTTAAGACGGCAAGGCCCAGTAACCCGCAGCTCCTACACCCCTCTGTGCCTCCTGACCTGACAGCCAGCGC 
CGGCATCTACCGCGGACCCGTGTATGCCCTGCAGGACTCCACCGACAAAATCCCCATGACCAACTCTCCTCT 
GCTGGACCCCTTACCCAGCCTTPAGGTCAAGGTCTACAGC'TCCAGCACCACGGGCTCTGGGCCAGGCCTGGC 
AGATGGGGCTGACCTGCTGGGGGTCTTGCCGCCTGGCACATACCCTAGCGATTTCGCCCGGGACACCCACTT 
CCTGCACCTGCGCAGCGCCAGCCTCGGTTCCCAGCAGCTCTTGGGCCTGCCCCGAGACCCAGGGAGCAGCGT 
CAGCGGCACCTTTGGCTGCCTGGGTGGGAGGCTCAGCATCCCCGGCACAGGGGTCAGCTTGCTGGTGCCCAA 
T G G AGCC ATT C CCC AGGGC AAGTT CTACGAGAT GTAT CT ACT GAT CAAC AAGGCAG AAAGT ACCCTGCCGCT 
TTCAGAAGGGACCCAGACAGTATTGAGCCCCTCGGTGACCTGTGGACCCACAGGCCTCCTGCTGTGCCGCCC 
CGTCATCCTCACCATGCCCCACTGTGCCGAAGTCAGTGCCCGTGACTGGATCTTTCAGCTCAAGACCCAGGC 
CCACCAGGGCCACTGGGAGGAGGTGGTGACCCTGGATGAGGAGACCCTGAACACACCCTGCTACTGCCAGCT 
GGAGCCCAGGGCCTGTCACATCCTGCTGGACCAGCTGGGCACCTACGTGTTCACGGGCGAGTCCTATTCCCG 
CTCAGCAGTCAAGCGGCTCCAGCTGGCCGTCTTCGCCCCCGCCCTCTGCACCTCCCTGGAGTACAGCCTCCG 
GGTCTACTGCCTGGAGGACACGCCTGTAGCACTGAAGGAGGTGCTGGAGCTGGAGCGGACTCTGGGCGGATA 
CTTGGTGGAGGAGCCGAAACCGCTAATGTTCAAGGACAGTTACCACAACCTGCGCCTCTCCCTCCATGACCT 
CCCCCATGCCCATTGGAGGAGCAAGCTGCTGGCCAAATACCAGGAGATCCCCTTCTATCACATTTGGAGTGG 
CAGCCAGAAGGCCCTCCACTGCACTTTCACCCTGGAGAGGCACAGCTTGGCCTCCACAGAGCTCACCTGCAA 
GATCTGCGTGCGGCAAGTGGAAGGGGAGGGCCAGATATTCCAGCTGCATACCACTCTGGCAGAGACACCTGC 
TGGCTCCCTGGACACTCTCTGCTCTGCCCCTGGCAGCACTGTCACCACCCAGCTGGGACCTTATGCCTTCAA 
GATCCCACTGTCCATCCGCCAGAAGATATGCAACAGCCTAGATGCCCCCAACTCACGGGGCAATGACTGGCG 
GATGTTAGCACAGAAGCTCTCTATGGACCGGTACCTGAATTACTTTGCCACCAAAGCGAGCCCCACGGGTGT 
GATCCTGGACCTCTGGGAAGCTCTGCAGCAGGACGATGGGGACCTCAACAGCCTGGCGAGTGCCTTGGAGGA 
GATGGGCAAGAGTGAGATGCTGGTGGCTGTGGCCACCGACGGGGACTGCTGA 



In a search of public sequence databases, the NOVla nucleic acid sequence, located on 
chromsome 10 has 1604 of 1895 bases (84%) identical to a transmembrane receptor UNC5H2 
mRNA from Rattus Norvegicus, (GENBANK-ED: RNU87306). Public nucleotide databases 
include all GenBank databases and the GeneSeq patent database. 
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In all BLAST alignments herein, the "E-value" or "Expect" value is a numeric 
indication of the probability that the aligned sequences could have achieved their similarity to 
the BLAST query sequence by chance alone, within the database that was searched. For 
example, the probability that the subject ("Sbjct") retrieved from the NOVla BLAST analysis, 
5 e.g. , transmembrane receptor UNC5H2 mRNA from Rattus Norvegicus, matched the Query 
NOVla sequence purely by chance is 0.0. The Expect value (E) is a parameter that describes 
the number of hits one can "expect" to see just by chance when searching a database of a 
particular size. It decreases exponentially with the Score (S) that is assigned to a match 
between two sequences. Essentially, the E value describes the random background noise that 

1 0 exists for matches between sequences. 

The Expect value is used as a convenient way to create a significance threshold for 
reporting results. The default value used for blasting is typically set to 0.0001 . In BLAST 2.0, 
the Expect value is also used instead of the P value (probability) to report the significance of 
matches. For example, an E value of one assigned to a hit can be interpreted as meaning that 

15 in a database of the current size one might expect to see one match with a similar score simply 
by chance. An E value of zero means that one would not expect to see any matches with a 
similar score simply by chance. See, e.g., 

http://www.ncbi.nlm.mh.gov/Education/BLASTinfo/. Occasionally, a string of X's or N's 
will result from a BLAST search. This is a result of automatic filtering of the query for low- 

20 complexity sequence that is performed to prevent artifactual hits. The filter substitutes any 
low-complexity sequence that it finds with the letter "N" in nucleotide sequence (e.g., 
,r NNNNNNNNNNNNN") or the letter "X" in protein sequences (e.g., "XXXXXXXXX"). 
Low-complexity regions can result in high scores that reflect compositional bias rather than 
significant position-by-position alignment. (Wootton and Federhen, Methods Enzymol 

25 266:554-571, 1996). 

The disclosed NOVla polypeptide (SEQ ID NO:2) encoded by SEQ ID NO:l has 933 
amino acid residues and is presented in Table IB using the one-letter amino acid code. Signal 
P, Psort and/or Hydropathy results predict that NOVla has a signal peptide at the first 26 
amino acids and is likely to be localized at the plasma membrane with a certainty of 0.5 140. In 
30 other embodiments, NOVla is likely to be localized to the microbody (peroxisome) with a 

certainty of 0. 1 064, to the endoplasmic reticulum (membrane) with a certainty of 0. 1 000, or to 
the endoplasmic reticulum (lumen) with a certainty of 0.1000. The most likely cleavage site 
for NOVla is between positions 26 and 27: SQA-GT 

12 
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Table IB. Encoded NOVla protein sequence (SEQ ID NO:2). 

MGARSGARGALLLALLLCWDPRLSQAGTDSGSEVLPDSFPSAPAEPLPYFLQEPQDAYIVKNKPVELRCRAF 
PATQiyFKCNGEWVSQNDUVTQEGLDEATGLRVREVQIBVSRQQVEELFGLEDYWCQCVAWSSAGTTKSRRA 
YVRIAYLRKNFDQEPLGKEVPLDHEVLLQCRPPEGVPVAEVEWLKNEDVIDPTQDTNFLLTIDHNLIIRQAR 
LSDT AN YTCVAKN IVAKRRSTTATVI VYVNGGW S SWAEW S PCSNRCGRGWQKRTRTCTN PAPLNGGAFCEGQ 
AFQKTACTTICPVDGAWTEWSKWSACSTECAHWRSRECMAPPPQNGGRDCSGTLLDSKNCTDGLCMQLEASG 
DAALYAGLWAIFVWAILMAVGVWYRRNCRDFDTDITDSSAALTGGFHPVNFKTARPSNPQLLHPSVPPD 
LTASAGIYRGPVYALQDSTDKIPMTNSPLLDPLPSLKVKVYSSSTTGSGPGLADGADLLGVLPPGTYPSDFA 
RDTHFLHLRSASLGSQQLLGLPRDPGSSVSGTFGCLGGRLSIPGTGVSLLVPNGAIPQGKFYEMYLLINKAE 
STLPLSEGTQTVLSPSVTCGPTGLLLCRPVILTMPHCAEVSARDWIFQLKTQAHQGHWEEWTLDEETLNTP 
CYCQLEPRACHILLDQLGTYVFTGESYSRSAVKRLQLAVFAPALCTSLEYSLRVYCLEDTPVALKEVLELER 
TLGGYLVEEPKPLMFKDSYHNLRLSLHDLPHAHWRSKLIAKYQEIPFYHIWSGSQKALHCTFTLERHSLAST 
ELTCKICVRQVEGEGQIFQLHTTLAETPAGSLDTLCSAPGSTVTTQLGPYAFKIPLSIRQKICNSLDAPNSR 
GNDWRMLAQKLSMDRYLNYFATKASPTGVILDLWEALQQDDGDLNSLASAIiEEMGKSEMLVAVATDGDC 



A search of sequence databases reveals that the NOVla amino acid sequence has 862 
of 945 amino acid residues (91%) identical to, and 897 of 945 amino acid residues (94%) 
similar to, the 945 amino acid residue 633041 5E02RIK protein from Mus musculus (Q9D398) 
5 (E = 0.0). Public amino acid databases include the GenBank databases, SwissProt, PDB and 
PIR. 

NOVla is at least expressed in endothelial cells, heart, kidney, adipose, brain 
(hippocampus), brain (thalamus), cerebral cortex, and the following cancer cell lines: breast 
cancer, CNS cancer, colon cancer, gastric cancer, lung cancer, melanoma, ovarian cancer and 
10 pancreatic cancer at a measurably higher level than the following tissues: adrenal gland, 

bladder, bone barrow, brain (amygdala), brain (cerebellum), brain (whole), breast, colorectal, 
liver, lung, lymph nod, mammary gland, ovary, pancreas, pituitary gland, placenta, prostate, 
salivary gland, skeletal muscle, small intestine, spinal cord, spleen, stomach, testis, thymus, 
thyroid gland, trachea, and uterus. 

15 



NOVlb 

A disclosed NOVlb nucleic acid of 2860 nucleotides (also referred to as CG50126-02) 
encoding a novel beta-adrenergic receptor kinase-like protein is shown in Table 1C. An open 
reading frame was identified beginning with an ATG codon at nucleotides 59-61, and ending 
20 with a TGA codon at nucleotides 2858-2860. Putative untranslated regions, if any, are located 
upstream from the initiation codon and downstream from the termination codon. 
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Table 1C. NOVlb nucleotide sequence (SEQ ID NO:3). 

AGACTGGGGCCAGGGAGACAGCCCT6GG6GAGAGGCGCCCGAACCAGGCCGCG6GAACA TGGGGGCCCGGAGCGGAGCTC 
GGGGCGCGCTGCTGCTGGCACTGCTGCTCTGCTGGGACCCGAGGCTGAGCCAAGCAGGCACTGATTCTGGCAGCGAGGTG 
CTCCCTGACTCCTTCCCGTCAGCGCCAGCAGAGCCGCTGCCCTACTTCCTGCAGGAGCCACAGGACGCCTACATTGTGAA 
GAACAAGCCTGTGGAGCTTCGCTGCCGCGCCTTCCCCGCCACACAGATCTACTTCAAGTGCAACGGCGAGTGGGTCAGCC 
AGAACGACCACGTCACACAGGAAGGCCTGGATGAGGCCACCGGCCTGCGGGTGCGCGAGGTGCAGATCGAGGTGTCGCGG 
CAGCAGGTGGAGGAGCTCTTTGGGCTGGAGGATTACTGGTGCCAGTGCGTGGCCTGGAGCTCCGCAGGCACCACCAAGAG 
TCGCCGAGCCTACGTCCGCATCGCCTACCTGCGCAAGAACTTCGATCAGGAGCCTCTGGGCAAGGAGGTGCCCCTGGACC 
ATGAGGTTCTCCTGCAGTGCCGCCCGCCGGAGGGGGTGCCTGTGGCCGAGGTGGAATGGCTCAAGAATGAGGATGTCATC 
GACCCCACCCAGGACACCAACTTCCTGCTCACCATCGACCACAACCTCATCATCCGCCAGGCCCGCCTGTCGGACACTGC 
CAACTATACCTGCGTGGCCAAGAACATCGTGGCCAAACGCCGGAGCACCACTGCCACCGTCATCGTCTACGTGAATGGCG 
GCTGGTCCAGCTGGGCAGAGTGGTCACCCTGCTCCAACCGCTGTGGCCGAGGCTGGCAGAAGCGCACCCGGACCTGCACC 
AACCCCGCTCCACTCAACGGAGGGGCCTTCTGCGAGGGCCAGGCATTCCAGAAGACCGCCTGCACCACCATCTGCCCAGT 
CGATGGGGCGTGGACGGAGTGGAGCAAGTGGTCAGCCTGCAGCACTGAGTGTGCCCACTGGCGTAGCCGCGAGTGCATGG 
CGCCCCCACCCCAGAACGGAGGCCGTGACTGCAGCGGGACGCTGCTCGACTCTAAGAACTGCACAGATGGGCTGTGCATG 
CAACTGGAGGCCTCAGGGGATGCGGCGCTGTATGCGGGGCTCGTGGTGGCCATCTTCGTGGTCGTGGCAATCCTCATGGC 
GGTGGGGGTGGTGGTGTACCGCCGCAACTGCCGTGACTTCGACACAGACATCACTGACTCATCTGCTGCCCTGACTGGTG 
GTTTCCACCCCGTCAACTTTAAGACGGCAAGGCCCAGTAACCCGCAGCTCCTACACCCCTCTGTGCCTCCTGACCTGACA 
GCCAGCGCCGGCATCTACCGCGGACCCGTGTATGCCCTGCAGGACTCCACCGACAAAATCCCCATGACCAACTCTCCTCT 
GCTGGACCCCTTACCCAGCCTTAAGGTCAAGGTCTACAGCTCCAGCACCACGGGCTCTGGGCCAGGCCTGGCAGATGGGG 
CTGACCTGCTGGGGGTCTTGCCGCCTGGCACATACCCTAGCGATTTCGCCCGGGACACCCACTTCCTGCACCTGCGCAGC 
GCCAGCCTCGGTTCCCAGCAGCTCTTGGGCCTGCCCCGAGACCCAGGGAGCAGCGTCAGCGGCACCTTTGGCTGCCTGGG 
TGGGAGGCTCAGCATCCCCGGCACAGGGGTCAGCTTGCTGGTGCCCAATGGAGCCATTCCCCAGGGCAAGTTCTACGAGA 
TGTATCTACTCATCAACAAGGCAGAAAGTACCCTGCCGCTTTCAGAAGGGACCCAGACAGTATTGAGCCCCTCGGTGACC 
TGTGGACCCACAGGCCTCCTGCTGTGCCGCCCCGTCATCCTCACCATGCCCCACTGTGCCGAAGTCAGTGCCCGTGACTG 
GATCTTTCAGCTCAAGACCCAGGCCCACCAGGGCCACTGGGAGGAGGTGGTGACCCTGGATGAGGAGACCCTGAACACAC 
CCTGCTACTGCCAGCTGGAGCCCAGGGCCTGTCACATCCTGCTGGACCAGCTGGGCACCTACGTGTTCACGGGCGAGTCC 
TATTCCCGCTCAGCAGTCAAGCGGCTCCAGCTGGCCGTCTTCGCCCCCGCCCTCTGCACCTCCCTGGAGTACAGCCTCCG 
GGTCTACTGCCTGGAGGACACGCCTGTAGCACTGAAGGAGGTGCTGGAGCTGGAGCGGACTCTGGGCGGATACTTGGTGG 
AGGAGCCGAAACCGCTAATGTTCAAGGACAGTTACCACAACCTGCGCCTCTCCCTCCATGACCTCCCCCATGCCCATTGG 
AGGAGCAAGCTGCTGGCCAAATACCAGGAGATCCCCTTCTATCACATTTGGAGTGGCAGCCAGAAGGCCCTCCACTGCAC 
TTTCACCCTGGAGAGGCACAGCTTGGCCTCCACAGAGCTCACCTGCAAGATCTGCGTGCGGCAAGTGGAAGGGGAGGGCC 
AGATATTCCAGCTGCATACCACTCTGGCAGAGACACCTGCTGGCTCCCTGGACACTCTCTGCTCTGCCCCTGGCAGCACT 
GTCACCACCCAGCTGGGACCTTATGCCTTCAAGATCCCACTGTCCATCCGCCAGAAGATATGCAACAGCCTAGATGCCCC 
CAACTCACGGGGCAATGACTGGCGGATGTTAGCACAGAAGCTCTCTATGGACCGGTACCTGAATTACTTTGCCACCAAAG 
CGAGCCCCACGGGTGTGATCCTGGACCTCTGGGAAGCTCTGCAGCAGGACGATGGGGACCTCAACAGCCTGGCGAGTGCC 
TTGGAGGAGATGGGCAAGAGTGAGATGCTGGTGGCTGTGGCCACCGACGGGGACTGCTGA 



In a search of public sequence databases, the NOVlb nucleic acid sequence, located on 
chromsome 10 has 1604 of 1895 bases (84%) identical to a gb:GENBANK- 
ID:RNU87306)acc:U87306.1 mRNA from Rattus norvegicus (Rattus norvegicus 
5 transmembrane receptor Unc5H2 mRNA, complete cds). (E = 0.0) Public nucleotide databases 
include all GenBank databases and the GeneSeq patent database. 

The disclosed NOVlb polypeptide (SEQ ID NO:4) encoded by SEQ ID NO:3 has 933 
amino acid residues and is presented in Table ID using the one-letter amino acid code. Signal 
P, Psort and/or Hydropathy results predict that NOVlb has a signal peptide at the first 26 
10 amino acids and is likely to be localized at the plasma membrane with a certainty of 0.5140. In 
other embodiments, NOVlb is likely to be localized to the microbody (peroxisome) with a 
certainty of 0.1064, to the endoplasmic reticulum (membrane) with a certainty of 0.1000, or to 
the endoplasmic reticulum (lumen) with a certainty of 0.1000. The most likely cleavage site 
for NOVlb is between positions 26 and 27: SQA-GT 

15 
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Table ID. Encoded NOVlb protein sequence (SEQ ID NO:4). 

MGARSGARGALLLALLLCWDPRLSQAGTDSGSEVLPDSFPSAPAEPLPYFLQEPQDAYIVKNKPVELRCRAFPATQIYFK 

CNGEWVSQNDHVTQEGLDEATGLRVREVQIEVSRQQVEELFGLEDYWCQCVAWSSAGTTKSRRAYVRIAYLRKNFDQEPL 

GKEVPLDHEVLLQCRPPEGVPVAEVEWLKNEDVIDPTQDTNFLLTIDHNLIIRQARLSDTANYTCVAKNIVAKRR 

VI VY VNGGVfl S SWAEWS PC SNRCGRGWQKRTRTCTN PAPLNGGAFCEGQAFQKTACTTI CPVDGAWTEW SKWSACSTECAH 

WRSRECMAPPPQNGGRDCSGTLLDSKNCTDGLCMQLEASGDAALYAGLWAIFVWAILMAVGVVVYRRN^ 

SSAALTGGFHPVNFKTARPSNPQLLHPSVPPDLTASAGIYRGPVYALQDSTDKIPMTNSPLLDPLPSLKVKVYSSSTTG^ 

GPGLADGADLLGVLPPGTYPSDFARDTHFLHLRSASLGSQQLLGLPRDPGSSVSGTFGCLGGRLSIPGTGVSLLVPNGAI 

PQGKFYEMYLLINKAESTLPLSEGTQTVLSPSVTCGPTGLLLCRPVILTMPHCAEVSARDWIFQLKTQAHQGHWEEVVTL 

DEETLNTPCYCQI^PRACHILLDQLGTYVFTGESYSRSAVKRLQIAVFAPALCTSLEYSLRVYCLEDTPVALKEVI^LER 

TLGGYLVEEPKPLMFKDSYHNLRLSLHDLPHAHWRSKLLAKYQEIPFYHI^ 

RQVEGEGQIFQLHTTLAETPAGSLDTLCSAPGSTVTTQLGPYAFKIPLSIRQKICNSLDAPNSRGNDWRMLAQKLSMDRY 
LNYFATKAS PTG VI LDLWEALQQDDGDLNSIAS ALEEMGKSEMLVAVAT DGDC 



A search of sequence databases reveals that the NOVlb amino acid sequence has 862 
of 945 amino acid residues (91%) identical to, and 893 of 945 amino acid residues (94%) 
similar to, the 945 amino acid residue ptnr:SPTREMBL-ACC:O08722 protein from Rattus 
5 norvegicus (Rat) (Transmembrane Receptor UNC5H2) (E = 0.0). Public amino acid databases 
include the GenBank databases, SwissProt, PDB and PIR. 

NOVlb is expressed in at least adrenal gland, bone marrow, brain - amygdala, brain - 
cerebellum, brain - hippocampus, brain - substantia nigra, brain - thalamus, brain -whole, fetal 
brain, fetal kidney, fetal liver, fetal lung, heart, kidney, lymphoma - Raji, mammary gland, 
10 pancreas, pituitary gland, placenta, prostate, salivary gland, skeletal muscle, small intestine, 
spinal cord, spleen, stomach, testis, thyroid, trachea, uterus. This information was derived by 
determining the tissue sources of the sequences that were included in the invention including 
but not limited to SeqCalling sources, Public EST sources, and/or RACE sources. 

The disclosed NOVla polypeptide has homology to the amino acid sequences shown 
15 in the BLASTP data listed in Table IE. 



Table IE. BLAST results for NOVla 


Gene Index/ 
Identifier 


Protein/ Organism 


Length 
(aa) 


Identity 
(%) 


Positives 
(%> 


Expect 


ptnr : SPTREMBL- 
ACC:Q9D398 


6330415E02RIK 
PROTEIN - MUS 
mus cuius (Mouse) 


945 


862/945 
(91%) 


897/945 
(94%) 


0.0 


ptnr : SPTREMBL- 
ACC.;O08722 


TRANSMEMBRANE 
RECEPTOR UNC5H2 


945 


862/945 
(91%) 


893/945 
(94%) 


0.0 


ptnr : SPTREMBL- 
ACC:O08747 


UNC-5 HOMOLOG (C. 
ELEGANS) 


931 


610/929 
(65%) 


723/929 
(77%) 


0.0 


ptnr : SPTREMBL- 
ACC: 095185 


TRANSMEMBRANE 
RECEPTOR DNC5C - 
Homo sapiens 


931 


598/929 
(64%) 


718/929 
(77%) 


0.0 
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The homology between these and other sequences is shown graphically in the 
ClustalW analysis shown in Table IF. In the ClustalW alignment of the NOV1 proteins, as 
well as all other ClustalW analyses herein, the black outlined amino acid residues indicate 
regions of conserved sequence (i.e., regions that may be required to preserve structural or 
functional properties), whereas non-highlighted amino acid residues are less conserved and 
can potentially be altered to a much broader extent without altering protein structure or 
function. 



Table IF. ClustalW Analysis of NOV1 

1) NOVla (SEQ ID NO:2) 

2) NOVlb (SEQ ID NO: 4) 

3) ptnr: 6330415E02RIK PROTEIN - Mus musculus (Mouse) (SEQ ID NO: 33) 

4) ptnr: TRANSMEMBRANE RECEPTOR UNC5H2 (SEQ ID NO: 34) 

5) ptnr: UNC-5 HOMOLOG (C. ELEGANS) (SEQ ID N0:35) 

6) ptnr: TRANSMEMBRANE RECEPTOR UNC5C - Homo sapiens (SEQ ID N0:36) 



NOVla 

NOVlb 
Q9D398 

008722 

O0B747 MRKGLRATi 

095185 MRKGLRATi 

NOVla 
NOVlb 
Q9D39S 
008722 
008747 
095185 




NOVla 

NOVlb 

Q9D398 

O08722 

008747 

0951B5 



K^YLRh^FL^ I DH Jjbl I RQARLS DTAjjjYTCV 

RIAYLRkSfDOE PLGKEVPLDHEVLLQCR PPF.GVPVAEVEWLkSeDVI DF ftiDTHFLLT I DllfflLI IRQARLS DT^gYTCV 
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The presence of identifiable domains in NOV1, as well as all other NOVX proteins, 
was determined by searches using software algorithms such as PROSITE, DOMAIN, Blocks, 
Pfam, ProDomain, and Prints, and then determining the Interpro number by crossing the 
domain match (or numbers) using the Interpro website (http:wwwxbi.ac.uk/ interpro). 
DOMAIN results for NOV1 as disclosed in Tables IG-10, were collected from the Conserved 
Domain Database (CDD) with Reverse Position Specific BLAST analyses. This BLAST 
analysis software samples domains found in the Smart and Pfam collections. For Tables 1G- 
10 and all successive DOMAIN sequence alignments, fully conserved single residues are 
indicated by black shading or by the sign (|) and "strong" semi-conserved residues are 
indicated by grey shading or by the sign (+). The "strong" group of conserved amino acid 
residues may be any one of the following groups of amino acids: STA, NEQK, NHQK, 
NDEQ, QHRK, MELV, MILF, HY, FYW. 

Tables IG-10 list the domain descriptions from DOMAIN analysis results against 
NOVla. This indicates that the NOVla sequence has properties similar to those of other 
proteins known to contain this domain. 



Table 1G. Domain Analysis of NOVla 

cml I Smart 1 smart00218 , ZU5, Domain present in ZO-1 and Unc5-like netrin 
receptors; Domain of unknown function. (SEQ ID NO: 85) 
CD- Length - 104 residues, 100.0% aligned 

Score = 149 bits (376) , Expect = 7e-37 



Query : 
Sbjct: 



529 PGS SVSGTFGCLGGRLS I PGTGVSLLVPNGAI PQGKFYEMYLLINKAE STLPLSEGTQTV 58 8 

i inn mi i in i++i linn i 111 1 + i + 

1 PSFLVSGTFDARGGRLRGPRTGVRLIIPPGAIPQGTRYTCYLWHDKLSTPPPLEEGETL 60 



Query : 589 LSPSVTCGPTGLLLCRPVILTMPHCAEVSARDWIFQLKTQAHQG 632 
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III I 111 I I Mill +1111 + III I + I 

Sbjct: 61 LSPWECGPHGALFLRPVILEVPHCASLRPRDWEIVLLRSENGG 104 



Table 1H, Domain Analysis of NOVla 

qnl|Pfam|pfam00791 , ZU5, ZU5 domain. Domain present in ZO-1 and Onc5- 
like netrin receptors Domain of unknown function. (SEQ ID NO: 86) 
CD-Length = 104 residues, 100.0% aligned 
Score = 147 bits (371), Expect = 3e-36 



Query: 529 



Sbjct: 



10 



PGSSVSGTFGCLGGRLSIPGTGVSLLVPNGAIPQGKFYEMYLLINKAESTLPLSEGTQTV 588 

I lllll llll I III I++I IMIII I M+++ HI I +1 + 
1 SGFLVSGTFDARGGRLRGPRTGVRLIIPPGAIPQGTRYTCYLWHDKLSTPPPLEEGETL 60 



Query: 589 
Sbjct: 61 



LS PS VTCGPTGLLLCRPVILTMPHCAEVSARDWI FQLKTQAHQG 632 

ill I III I I lllll +1111 + III I +1 
LSPWECGPHGALFLRPVILEVPHCASLRPRDWELVLLRSENGG 104 



Table II. Domain Analysis of NOVla 

gnl | Smart I smartO 0005 , DEATH, DEATH domain, found in proteins involved 
in cell death (apoptosis) Alpha-helical domain present in a variety 
of proteins with apoptotic functions. Some (but not all) of these 
domains form homotypic and heterotypic dimers. (SEQ ID NO: 87) 
CD- Length =96 residues, 99.0% aligned 
Score =64.7 bits (156), Expect = 2e-ll 



Query : 840 GP YAFKI PLS IRQKICNSLDAPN SRGNDWRMLAQKL SM- DRYXNYFATKAS PTGV 893 

15 - 11+ 1 + 1+ II + l + lll 11 + 11 + + ++ I++ + 

Sbjct : 1 PPGAASLTELTREKLAKLLD — HDLGDDWRELARKLGLSEADIDQIETESPRDLAEQSYQ 58 

Query: 8 94 ILDLWEALQQDDGDLNSLASALEEMGKSEMLVAVATD 930 
+ 1 I I I + + I +1 | | +| |+ + + + ++ 
20 Sbjct: 59 LLRLWEQREGKNATLGTLLEALRKMGRDDAVELLRSE 95 



Table 1J. Domain Analysis of NOVla 

o;nl | Smart | smart00209 , TSP1, Thrombospondin type 1 repeats; Type 1 
repeats in thrombospondin- 1 bind and activate TGF-beta. (SEQ ID 
NO:88) 

CD-Length = 51 residues, 100.0% aligned 
Score =62.4 bits (150), Expect = le-10 



Query: 249 



25 Sbjct: 



W SSWAEW SPC SNRCGRGWQKRTRTCTNPAPLNGGAFCEGQAFQKT ACTT - ICP 300 

i i+miii n i i in i i in i i + ii ii 

WGEWSEWSPCSVTCGGGVQTRTRCCNPPP — NGGGPCTGPDTETRACNEQPCP 51 
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Table IK. Domain Analysis of NOVla 

gnl I Smart 1 smart00209 , TSP1, Thrombospondin type 1 repeats; Type 1 
repeats in thrombospondin- 1 bind and activate TGF-beta. (SEQ ID 
NO:88) 

CD-Length = 51 residues , 98.0% aligned 
Score = 49.3 bits (116), Expect « le-06 



Query: 
Sbjct: 



305 WTEWSKWSACSTECAH-WRSRECMAPPPQNGGRDCSGTLLDSKNCTDGLC 353 

I I I l + I I I I I ++I I I I I I l + I +++ I + I 

1 WGEWSEWSPCSVTCGGGVQTRTRCCNPPPNGGGPCTGPDTETRACNEQPC 50 



Table 1L. Domain Analysis of NOVla 

(SEQ ID NO: 89) 



gnl | Pfaml pf am00531 , death, Death domain. 
CD- Length » 83 residues, 98.8% aligned 
Score - 57.4 bits (137), Expect = 4e-09 



Query: 
Sbjct: 
Query: 
Sbjct: 



852 QKICNSLDAPNSRGNDWRMLAQKLSM-DRYLNYFATKA SPTGVILDLWEALQQDDG 906 

+++I III I III 11 + 11 + + ++ + I I I +! I I I I + 

1 RELCKLLDDP — LGRDWRRLARKLGLSEEEIDQIEHENPRLASPTYQLLDLWEQRGGKNA 58 

907 DLN S LAS ALEEMGK S EMLVAVAT D 930 

+ +III+U+ + ++ + 

59 T VGTLLE ALRKMGRD D AVE LLE S A 82 



Table 1M. Domain Analysis of NOVla 

gnl | Pfam|pfam00090 , tsp_l, Thrombospondin type 1 domain. 
NO: 90) 

CD-Length =48 residues, 91.7% aligned 
Score = 49.7 bits (117), Expect = 7e-07 



(SEQ ID 



Query: 250 S SWAEW S P CSNRCGRGWQKRTRT CTN PAPLNGGAFCEGQ AFQKT ACT 296 

I l + l I I I I I I l + I + I II I +1 I II 111+ II 
Sb j ct : 1 SPWSEWSPCSVTCGKGIRTRQRTCNSPA GGKPCTGDAQETEACM 4 4 



Table IN. Domain Analysis of NOVla 

gnl 1 Smart | smart00409 , IG, Immunoglobulin (SEQ ID NO: 91) 
CD-Length =86 residues, 100.0% aligned 
Score =48.9 bits (115), Expect = le-06 



Query: 
Sbjct: 
Query: 
Sbj ct: 



159 PLGKEVPLDHEVLLQCRPPEGVPVAEVEWLKNEDVIDPTQDTNFLLTIDHN LIIRQA 215 

I I 111 II III + + I ++ II 

1 PPSVTVKEGESVTLSCEAS-GNPPPTVTWYKQGGKL-LAESGRFSVSRSGGNSTLTISNV 58 

216 RLSDTANYTCVAKNIVAKRRSTTATVIVY 244 

1+ I I I I I I I 1+ I 

59 TPEDSGTYTCAATNSSGSASSGT-TLTVL 86 
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Table lO. Domain Analysis of NOVla 

qnl | Smart 1 smart 00408 , IGc2, Immunoglobulin C-2 Type (SEQ ID NO: 92) 
CD-Length « 63 residues, 87.3% aligned 
Score - 42.7 bits (99), Expect = 9e-05 



Query: 170 VLLQCRPPEGVPVAEVEWLKNEDVIDPTQDTNFLLTIDHNLIIRQARLSDTANYTCVAKN 22 9 

I I | I III +111+ + ++ ++ 11+ I 1+ I 1 I I l + l 

Sb j ct : 6 VTLTC-PASGDPVPNITWLKDGKPLPESR WASGSTLTIKNVSLEDSGLYTCVARN 60 

5 

Migration of neurons from proliferative zones to their functional sites is fundamental 
to the normal development of the central nervous system. Disruption of the mouse rostral 
cerebellar malformation mutation (rem) gene, also called the Unc5h3 gene, resulted in a 
failure of tangentially migrating granule cells to recognize the rostral boundary of the 

10 cerebellum. In rcm-mutant mice, the cerebellum is smaller and has fewer folia than in 

wildtype, ectopic cerebellai' cells are present in midbrain regions by 3 days after birth, and 
there are abnormalities in postnatal cerebellar-neuronal migration. Ackerman et al. (1997). 
Sequence analysis has revealed that the predicted rem mouse protein is a transmembrane 
protein that contains 2 immunoglobulin (Ig)-like domains and 2 type I thrombospondin 

15 (THBS1) motifs in the extracellular region. Ig and THBS1 domains are also found in the 

extracellular region of the C. elegans UNC5 transmembrane protein, and the C-terminal 865- 
amino acid region of Rem is 30% identical to UNC5. In addition, the UNC5 protein is 
essential for dorsal guidance of pioneer axons and for the movement of cells away from the 
netrin ligand. Ackerman et al. (1997). In the developing brain of vertebrates, netrin-1 plays a 

20 role in both cell migration and axonal guidance. 

In the developing nervous system, migrating cells and axons are guided to their targets 
by cues in the extracellular environment. The netrins are a family of phylogenetically 
conserved guidance cues that can function as diffusible attractants and repellents for different 
classes of cells and axons. In vertebrates, insects and nematodes, members of the DCC 

25 subfamily of the immunoglobulin superfamily have been implicated as receptors that are 

involved in migration towards netrin sources. In Caenorhabditis elegans, the transmembrane 
protein UNC-5 has been implicated in these responses, as loss of UNO 5 function causes 
migration defects and ectopic expression of UNC-5 in some neurons can redirect their axons 
away from a netrin source. 

30 The disclosed NOV1 nucleic acid of the invention encoding a UNC5H2-like protein 

includes the nucleic acid whose sequence is provided in Table 1A, 1C or a fragment thereof. 

The invention also includes a mutant or variant nucleic acid any of whose bases may be 

changed from the corresponding base shown in Table 1 A or 1C while still encoding a protein 

20 



WO 02/057450 PCT/USO 1/48922 

that maintains its UNC5H2 like activities and physiological functions, or a fragment of such a 
nucleic acid. The invention further includes nucleic acids whose sequences are 
complementary to those just described, including nucleic acid fragments that are 
complementary to any of the nucleic acids just described. The invention additionally includes 
5 nucleic acids or nucleic acid fragments, or complements thereto, whose structures include 
chemical modifications. Such modifications include, by way of nonlimiting example, 
modified bases, and nucleic acids whose sugar phosphate backbones are modified or 
derivatized. These modifications are carried out at least in part to enhance the chemical 
stability of the modified nucleic acid, such that they may be used, for example, as antisense 

10 binding nucleic acids in therapeutic applications in a subject. In the mutant or variant nucleic 
acids, and their complements, up to about 16 percent of the bases may be so changed. 

The disclosed NOV1 protein of the invention includes the UNC5H2-like protein whose 
sequence is provided in Table IB or ID. The invention also includes a mutant or variant 
protein any of whose residues may be changed from the corresponding residue shown in Table 

15 IB or ID while still encoding a protein that maintains its UNC5H2-like activities and 

physiological functions, or a functional fragment thereof. In the mutant or variant protein, up 
to about 9 percent of the residues may be so changed. 

The invention further encompasses antibodies and antibody fragments, such as F a b or 
(FabH that bind immunospecifically to any of the proteins of the invention. 

20 The above defined information for this invention suggests that this UNC5H2-like 

protein (NOV1) may function as a member of a "UNC5H2 family". Therefore, the NOV1 
nucleic acids and proteins identified here may be useful in potential therapeutic applications 
implicated in (but not limited to) various pathologies and disorders as indicated below. The 
potential therapeutic applications for this invention include, but are not limited to: protein 

25 therapeutic, small molecule drug target, antibody target (therapeutic, diagnostic, drug 
targeting/cytotoxic antibody), diagnostic and/or prognostic marker, gene therapy (gene 
delivery/gene ablation), research tools, tissue regeneration in vivo and in vitro of all tissues 
and cell types composing (but not limited to) those defined here. 

The NOV1 nucleic acids and proteins of the invention are useful in potential 

30 therapeutic applications implicated in cancer including but not limited to various pathologies 
and disorders as indicated below. For example, a cDNA encoding the UNC5H2-like protein 
(NOV1) may be useful in gene therapy, and the UNC5H2 -like protein (NOV1) may be useful 
when administered to a subject in need thereof. By way of nonlimiting example, the 
compositions of the present invention will have efficacy for treatment of patients suffering 
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from cardiomyopathy, atherosclerosis, hypertension, congenital heart defects, aortic stenosis, 
atrial septal defect (ASD), atrioventricular (A-V) canal defect, ductus arteriosus, pulmonary 
stenosis, subaortic stenosis, ventricular septal defect (VSD), valve diseases, tuberous sclerosis, 
scleroderma, obesity, transplantation, diabetes, autoimmune disease, renal artery stenosis, 
5 interstitial nephritis, glomerulonephritis, polycystic kidney disease, systemic lupus 
erythematosus, renal tubular acidosis, IgA nephropathy, hypercalceimia, Lesch-Nyhan 
syndrome, Von Hippel-Lindau (VHL) syndrome, Alzheimer's disease, stroke, tuberous 
sclerosis, Parkinson's disease, Huntington's disease, cerebral palsy, epilepsy, Lesch-Nyhan 
syndrome, multiple sclerosis, ataxia-telangiectasia, leukodystrophies, behavioral disorders, 

10 addiction, anxiety, pain, neuroprotection, cancers, and/or other pathologies and disorders. For 
example, a cDNA encoding the transmembrane receptor UNC5H2-like protein may be useful 
in transmembrane receptor UNC5H2 therapy, and the transmembrane receptor UNC5H2-like 
protein may be useful when administered to a subject in need thereof. By way of nonlimiting 
example, the compositions of the present invention will have efficacy for treatment of patients 

15 suffering from cardiomyopathy, atherosclerosis, hypertension, congenital heart defects, aortic 
stenosis, atrial septal defect (ASD), atrioventricular (A-V) canal defect, ductus arteriosus, 
pulmonary stenosis, subaortic stenosis, ventricular septal defect (VSD), valve diseases, 
tuberous sclerosis, scleroderma, obesity, transplantation, diabetes, autoimmune disease, renal 
artery stenosis, interstitial nephritis, glomerulonephritis, polycystic kidney disease, systemic 

20 lupus erythematosus, renal tubular acidosis, IgA nephropathy, hypercalceimia, Lesch-Nyhan 
syndrome, Von Hippel-Lindau (VHL) syndrome, Alzheimer's disease, stroke, tuberous 
sclerosis, Parkinson's disease, Huntington's disease, cerebral palsy, epilepsy, Lesch-Nyhan 
syndrome, multiple sclerosis, ataxia-telangiectasia, leukodystrophies, behavioral disorders, 
addiction, anxiety, pain, neuroprotection, cancers, and other diseases, disorders and conditions 

25 of the like. Also since this gene is expressed at a measurably higher level in several cancer 
cell lines (including breast cancer, CNS cancer, colon cancer, gastric cancer, lung cancer, 
melanoma, ovarian cancer and pancreatic cancer), it may be useful in diagnosis and treatment 
of these cancers. The NOV1 nucleic acid encoding the UNC5H2-like protein of the invention, 
or fragments thereof, may further be useful in diagnostic applications, wherein the presence or 

30 amount of the nucleic acid or the protein are to be assessed. 

NOV1 nucleic acids and polypeptides are further useful in the generation of antibodies 
that bind immuno-specifically to the novel NOV1 substances for use in therapeutic or 
diagnostic methods. These antibodies may be generated according to methods known in the 
art, using prediction from hydrophobicity charts, as described in the "Anti-NOVX Antibodies" 
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section below. The disclosed NOV 1 proteins have multiple hydrophilic regions, each of 
which can be used as an immunogen. In one embodiment, a contemplated NOV1 epitope is 
from about amino acids 1 to 100. In another embodiment, aNOVl epitope is from about 
amino acids 200 to 300. In further embodiments, a NOV1 epitope is from about amino acids 
5 450 to 500, from about amino acids 600 to 900, from about amino acids 950 to 1000, from 
about amino acids 1200 to 1300, from about amino acids 1400 to 1600, from about amino 
acids 1800 to 1900, from about amino acids 1950 to 2050, and from about amino acids 2200 to 
2300. These novel proteins can be used in assay systems for functional analysis of various 
human disorders, which will help in understanding of pathology of the disease and 
1 0 development of new drug targets for various disorders. 



NOV2 

NOV2 includes three novel protein tyrosine phosphatase precursor-like proteins 
disclosed below. The disclosed sequences have been named NOV2a, NOV2b, and NOV2c. 



15 NOV2a 

A disclosed NOV2a nucleic acid of 6994 nucleotides (also referred to as 
SC126422078_A) encoding a receptor protein tyrosine phosphatase precursor-like protein is 
shown in Table 2A. An open reading frame was identified beginning with an ATG initiation 
codon at nucleotides 31-33 and ending with a TAA codon at nucleotides 6874-6876. A 
20 putative untranslated region upstream from the initiation codon and downstream from the 
termination codon is underlined in Table 2 A. The start and stop codons are in bold letters. 



Table 2A. NOV2a nucleotide sequence (SEQ ID NO:5). 

TGATTCTACTGGCTGAAAAATGTAATAAAGA TGGATTTTCTTATCATTTTTCTTTTACTTTTTATT6GGACT 
TCAGAGACACAGGTAGATGTTTCCAATGTCGTTCCTGGTACTAGGTACGATATAACCATCTCTTCAATTTCT 
ACAACATACACCTCACCTGTTACTAGAATAGGGGCTTCTAATGAACCAGGGCCTCCAGTCTTCCTAGCCGGG 
GAAAGAGTCGGATCTGCTGGGATTCTTCTGTCTTGGAATACACCACCTAATCCAAATGGAAGGATTATATCT 
TACATTGTCAAATATAAGGAAGTTTGTCCGTGGATGCAAACAGTATATACACAAGTCAGATCAAAGCCAGAC 
AGT CT GGAAGT TCT T CT T ACT AAT CT T AATCCT GGAAC AACAT ATGAAATT AAG GT AGCT GCTGAAAACAGT 
GCTGGCATTGGAGTGTTTAGTGATCCATTTCTCTTCCAAACTGCAGAAAGTGCTCCAGGAAAAGTGGTGGAT 
TTCACAGGTGAGGCTGTCCCGTTCAGCAGTAAGCTGATGTGGTATACCTCGGCAACCAAAAAA7\AAATTACC 
AGCTTCAAGATTAGTGTCAAGCATAACAGAAGTGGGATAGTAGTGAAAGAAGTGTCAATCAGAGTGGAGTGC 
ATTTTAAGTGCTTCCCTTCCTTTGCACTGCAACGAGAATAGTGAATCTTTTTTATGGAGTACAGCCAGCCCT 
TCT CCAACC CT TGGT AG AGT T ACACC T CC AT CGCGT ACCACACATTC ATCAAGCACGT TGACACAGAATG AG 
ATCAGCTCTGTGAAAGAGCCTATCAGTTTTGTAGTGACACACTTGAGACCTTATACAACATATCTTTTTGAA 
GT T TC AG CTGCT ACAACT GAAG C AGGTTATATT GAT AG TACGATTGTCAGAAC ACC AGAAT CAGTGCCT GAA 
GGACCACC ACAAAACT GCGT AAC AGG C AACAT CACAGG AAAGT CCTTTT CAATTTT AT GGGACCCACCAACT 
ATAGTAACAGGGAAATTTAGTTATAGAGTTGAATTATATGGACCATCAGCAGGTCGCATTTTGGATAACAGC 
ACAAAAGACCTCAAGTTTGCATTCACTAACCTAACACCATTTACAATGTATGATGTCTATATTGCGGCTGAA 
ACCAGTGCAGGGACTGGGCCCAAGTCAAATATTTCAGTATTCACTCCACCAGATGTTCCAGGGGCAGTGTTT 
GAT TT ACAACTTGC AGAGGT AGAATC C ACGCAAGT AAG AAT T ACTTGGAAGAAACCACGACAAC CAAAT GG A 
ATTATTAACCAATACCGAGTGAAAGTGCTAGTTCCAGAGACAGGAATAATTTTGGAAAATACTTTGCTCACT 
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GGAAATAATGAGATAAATGACCCCATGGCTCCAGAAATTGTGAACATAGTACAGCCAATGGTAGGATTATAT 

GAGGGTTCAGCAGAGATGTCGTCTGACCTTCACTCACTTGCTACATTTATATATAACAGCCATCCAGATAAA 

AACTTTCCTGCAAGGAATAGAGCTGAAGACCAGACTTCACCAGTTGTAACTACAAGGAATCAGTATATTACT 

GACATTGCAGCTGAACAGCTGACTTATGTTCTTATCAGATTAAGGAGATTTTGGGCTGAGACAATGGGGTTT 

TCTAGATATACAATCATGTCATCTGCAAGCAGGGACAATTTGACTTCCCCAGGCCCTTTGTCAGCCCAAAAT 

TTCAGAGTTACACATGTTACCATAACAGAAGTATTTTTACACTGGGATCCTCCAGATCCTGTATTTTTTCAT 

CATTACCTTATCACTATTTTGGATGTTGAAAACCAATCCAAGAGTATTATTTTAAGGACATTAAACAGTTTG 

TCTCTTGTCCTTATAGGGTTAAAGAAATACACAAAATACAAAATGAGAGTGGCAGCCTCAACCCACGTTGGA 

GAAAGTTCTTTGTCTGAAGAAAATGACATCTTTGTGAGAACTTCAGAAGATGi\ACCGGAATCATCACCTCAA 

GATGTCGAAGTAATTGATGTTACCGCAGATGAAATAAGGTTGAAGTGGTCACCACCCGAAAAGCCCAATGGG 

ATCATTATTGCTTATGAAGTGCTATATAAAAATATAGATACTTTATATATGAAGAACACATCAACAACAGAC 

ATAATATTAAGGAACTTAAGACCTCACACCCTCTATAACATTTCTGTAAGGTCTTACACCAGATTTGGTCAT 

GGCAATCAGGTATCTTCTTTACTCTCTGTAAGGACTTCGGAGTCAGTGCCTGATAGTGCACCAGAAAATATC 

ACTTACAAAAATATTTCTTCTGGAGAGATTGAGCTATCATTCCTTCCCCCAAGTAGTCCCAATGGAATCATA 

CAAAAATATACAATTTATCTCAAGAGAAGTAATGGAAATGAGGAAAGAACTATAAATACAACCTCTTTAACC 

CAAAACATTAAAGGTCTGAAGAAATATACCCAATATATCATTGAGGTGTCTGCTAGTACACTCAAAGGTGAA 

GGAGTTCGGAGTGCTCCCATAAGTATACTGACGGAGGAAGATGCTCCTGATTCTCCCCCTCAAGACTTCTCT 

GT AAAACAGTTGTCTGGTGT CACGGT GAAGTTGTCATGGCAACCACCCCTGGAGCCAAATGGAATTATCCTT 

TATTACACAGTTTATGTCTGGAGATCATCATTAAAAACTATTAATGTCACTGAAACATCATTGGAGTTATCA 

GATTTGGATTATAATGTTGAATACAGTGCTTATGTAACAGCTAGCACCAGATTTGGTGATGGGAAAACAAGA 

AGCAATATCATTAGCTTTCAAACACCAGAGGGACCAAGCGATCCTCCCAAAGATGTTTATTATGCAAACCTC 

AGTTCTTCATCAATAATTCTTTTCTGGACACCTCCTTCAAAACCTAATGGGATTATACAATATTACTCTGTT 

TATTACAGAAATACTTCAGGTACTTTTATGCAGAATTTTACACTCCATGAAGTAACCAATGACTTTGACAAT 

ATGACTGTATCCACAATTATAGATAAACTGACAATATTCAGCTACTATACATTTTGGTTAACAGCAAGTACT 

TCAGTTGGAAATGGGAATAAAAGCAGTGACATCATTGAAGTATACACAGATCAAGACGTACCTGAAGGGTTT 

GTTGGAAACCTGACTTACGAATCCATTTCGTCT^ACTGCAATAAATGTAAGCTGGGTCCCACCGGCTCAACCA 

AACGGTCTAGTCTTCTACTATGTTTCACTGATCTTACAGCAGACTCCTCGCCATGTGAGACCACCTCTTGTT 

ACATATGAGAGAAGCATATATTTTGATAATCTGGAAAAATACACTGATTATATATTAAT^AATTACTCCATCA 

ACAGAAAAGGGATTCTCTGATACCTATACTGCCCAGCTATACATCAAGACTGAAGAAGATATCCCAGAAACT 

TCACCAATAATCAACACTTTTAAAAACCTTTCCTCTACCTCAGTTCTCTTATCATGGGATCCCCCAGTAAAG 

CCAAATGGTGCAATAATAAGTTATGATTTAACTTTACAAGGACCAAATGAAAATTATTCTTTCATTACTTCT 

GATAATTACATAATATTGGAAGAGCTTTCACCATTTACATTATATAGCTTTTTTGCTGCCGCAAGAACTAGA 

AAAGGACTTGGTCCTTCCAGTATTCTTTTCTTTTACACAGATGAGTCAGTGCCGTTAGCACCTCCACAAAAT 

TTGACTTTAATCAACTGTACTTCAGACTTTGTATGGCTGAAATGGAGCCCAAGTCCTCTTCCAGGTGGTATT 

GTTAAAGTATATAGTTTTAAAATTCATGAACATGAAACTGACACTATATATTATAAGAATATATCAGGATTT 

AAAACTGAAGCCAAACTTGTTGGACTGGAACCAGTCAGCACCTACTCTATCCGTGTATCTGCGTTCACCAAA 

GTTGGAAATGGCAATCAATTTAGTAATGTAGTAAAATTCACAACCCAAGAATCAGTTCCAGATGTCGTGCAG 

AATATGCAGTGCATGGCAACTAGCTGGCAGTCAGTTTTAGTGAAATGGGATCCACCCAAAAAGGCAAATGGA 

ATAATAACGCAGTATATGGTAACAGTTGAAAGG7\ATTCTAC^U\AAGTTTCTCCCCAAGATCACATGTACACT 

TTCATAAAGCTTCTTGCCAATACCTCATATGTCTTTAAAGTAAGAGCTTCAACCTCAGCTGGTGAAGGTGAT 

GAAAGCACATGCCATGTCAGCACACTACCTGAAACAGTTCCCAGTGTTCCCACAAATATTGCTTTTTCTGAT 

GTTCAGTCAACTAGTGCAACATTGACATGGATAAGACCTGACACTATCCTTGGCTACTTTCAAAATTACAAA 

ATTACCACTCAACTTCGTGCTCAAAAATGCAAAGAATGGGAATCCGAAGAATGTGTTGAATATCAAAAAATT 

CAATACCTCTATGAAGCTCACTTAACTGAAGAGACAGTATATGGATTAAAGAAATTTAGATGGTATAGATTC 

CAAGTGGCTGCCAGCACCiVATGCTGGCTATGGCAATGCTTCAAACTGGATTTCTACAAAAACTCTGCCTGGC 

CCTCCAGATGGTCCTCCTGAAAATGTTCATGTAGTAGCAACATCACCTTTTAGCATCAGCATAAGCTGGAGT 

GAACCTGCTGTCATTACTGGACCAACATGTTATCTGATTGATGTCAAATCGGTAGATAATGATGAATTTAAT 

ATATCCTTCATCAAGTCAAATGAAGAAAATAAAACCATAGAAATTAAAGATTTAGAAATATTCACAAGGTAT 

TCTGTAGTGATCACTGCATTTACTGGGAACATTAGTGCTGCATATGTAGAAGGGAAGTCAAGTGCTGAAATG 

ATTGTTACTACTTTAGAATCAGCCCCAAAGGACCCACCTAACAACATGACATTTCAGAAGATACCAGATGAA 

GT T ACAAAAT TTCAATT AACGT T CCTT CCTCCTTCTC AAC CTAAT GGAAATATC CAAGT ATATCAAGCT CT G 

GTTTACCGAGAAGATGATCCTACTGCTGTCCAGATTCACAACCTCAGTATTATACAGAAAACCAACACATTC 

GTCATTGCAATGCTAGAAGGACTAAAAGGTGGACATACATACAATATCAGTGTTTACGCAGTCAATAGTGCT 

GGTGCAGGTCCAAAGGTTCCGATGAGAATAACCATGGATATCAAAGCTCCAGCACGACCAAT^AACCAAACCA 

ACCCCTATTTATGATGCCACAGGAAAACTGCTTGTGACTTCAACAACAATTACAATCAGAATGCCAATATGT 

TACTACAGTGATGATCATGGACCAATAAAAAATGTACAAGTGCTTGTGACAGAAACAGGAGCTCAGCATGAT 

GGAAATGTAACAAAGTGGTATGATGCATATTTTAATAAAGCAAGGCCATATTTTACAAATGAAGGCTTTCCT 

AACCCTCCATGTACAGAAGGAAAGACAAAGTTTAGTGGCAATGAAGAAATCTACATCATAGGTGCTGATAAT 

GCATGCATGATTCCTGGC7\ATGAAGAa\AAATTTGCAATGGACC^CTGAAACCAAAAAAGC^TACTTATTT 

AAATTTAGAGCTACAAATATTATGGGACAATTTACTGACTCTGATTATTCTGACCCTGTTAAGACTTTAGGC 

GAAGG ACTTT CAGAAAGAACCGT AGAGATCATT CT T T CCGTCACT T TGT GTATC CTTT CAAT AATT CTCCT T 

GGAACAGCTATTTTTGCATTTGCAAGAATTCGACAGAAGCAGAAAGAAGGTGGCACATACTCTCCTCAGGAT 

GCAGAAATTATTGACACTAAATTGAAGCTGGATCAGCTCATCACAGTGGCAGACCTGGAACTGAAGGACGAG 

AGATTAACGCGGCCAATAAGCAAGAAATCCTTCCTGCAACATGTTGAAGAGCTTTGCACAAACAACAACCTA 

AAGTTT CAAG AAG AAT T TTCGG AAT T ACC AAAATTTCTT C AGGAT CTTT CT TCAACT GATGCTG AT CTGCCT 

TGGAATAGAGCAAAAAACCGCTTCCCAAACATAAAACCATATAATAATAACAGAGTAAAGCTGATAGCTGAC 

GCTAGTGTTCCAGGTTCGGATTATATTAATGCCAGCTATATTTCTGGTTATTTATGTCCAAATGAATTTATT 

GCTACTCAAGGTCCACTACCAGGAACAGTTGGAGATTTTTGGAGAATGGTGTGGGAAACCAGAGCAAAAACA 

TTAGTAATGCTAACACAGTGTTTTGAAAAAGGACGGATCAGATGCCATCAGTATTGGCCAGAGGACAAC7\AG 



24 



WO 02/057450 



PCT/US01/48922 



CCAGTTACTGTCTTTGGAGATATAGTGATTACAAAGCTAATGGAGGATGTTCAAATAGATTGGACTATCAGG 
GATCTGAAAATTGAAAGGCATGGGGATTGCATGACTGTTCGACAGTGTAACTTTACTGCCTGGCCAGAGCAT 
GGGGTTCCTGAGAACAGCGCCCCTCTAATTCACTTTGTGAAGTTGGTTCGAGCAAGCAGGGCACATGACACC 
ACACCTATGATTGTTCACTGCAGTGCTGGAGTTGGAAGAACTGGAGTTTTTATTGCTCTGGACCATTTAACA 
CAACATATAAATGACCATGATTTTGTGGATATATATGGACTAGTAGCTGAACTGAGAAGTGAAAGAATGTGC 
ATGGTGCAGAATCTGGCACAGTATATCTTTTTACACCAGTGCATTCTGGATCTCTTATCAAATAAGGGAAGT 
AATCAGCCCATCTGTTTTGTTAACTATTCAGCACTTCAGAAGATGGACTCTTTGGACGCCATGGAAGGTGGT 
G ATGTTGAGC T T GAAT GGGAAGAAAC CACT AT GTA AATAT T CAGACCAAAGGAT AGAATTGG AAGAGATTTT 
TAAATCCCAGGGGCCAAAGTTACCCCCTCATTCTTCCGAATTGAAATGTGCAACCTTAAAGAAATATCTATG 

CTTCTCTCAC ____ . 



In a search of public sequence databases, the NOV2a nucleic acid sequence, located on 
chromsome 12 has 777 of 3293 bases (84%) identical to a gb:GENBANK- 
ID:AF063249|acc:AF063249.1 mRNA from Rattus norvegicus {Rattus norvegicus glomerular 
5 mesangial cell receptor protein-tyrosine phosphatase precursor (PTPRQ) mRNA, complete 
cds) (E = 0.0). Public nucleotide databases include all GenBank databases and the GeneSeq 
patent database. 

The disclosed NOV2a polypeptide (SEQ ID NO:6) encoded by SEQ ID NO:5 has 2281 
amino acid residues and is presented in Table 2B using the one-letter amino acid code. Signal 

10 P, Psort and/or Hydropathy results predict that NOV2a has a signal peptide and is likely to be 
localized in the plasma membrane with a certainty of 0.4600. In other embodiments, NOV2a 
may also be localized to the microbody (peroxisome) with acertainty of 0.1381, the 
endoplasmic reticulum (membrane) with a certainty of 0.1000 or in the endoplasmic reticulum 
(lumen) with a certainty of 0.1000. The most likely cleavage site for a NOV2a peptide is 

1 5 between amino acids 1 7 and 1 8, at: SET-QV. 



table 2B. Encoded NOV2a protein sequence (SEQ ID NO:6). 

MDFLI I FLLLFIGTSETQVDVSNWPGTRYDITI S S I STT YTSPVTRIGASNEPGPPVFLAGERVGSAGILL 

SWNTPPNPNGRIISYIVKYKEVCPWMQTVYTQVRSKPDSLEVLLTNLNPGTTYEIKVAAENSAGIGVFSDPF 

LFQTAESAPGKWDFTGEAVPFSSKLMWYTSATKKKITSFKISVKHNRSGIVVKEVSIRVECILSASLPLHC 

NENSESFLWSTASPSPTLGRVTPPSRTTHSSSTLTQNEISSVKEPISFWTHLRPYTTYLFEVSAATTEAGY 

IDSTIVRTPESVPEGPPQNCVTGNITGKSFSILWDPPTIVTGKFSYRVELYGPSAGRILDNSTKDLKFAFTN 

LTPFTMYDVYIAAETSAGTGPKSNISVFTPPDVPGAVFDLQLAEVESTQVRITWKKPRQPNGIINQYRVKVL 

VPETGIILENTLLTGNNEINDPMAPEIVNIVQPMVGLYEGSAEMSSDLHSLATFIYNSHPDKNFPARNRAED 

QTSPVVTTRNQYITDIAAEQLTYVLIRLRRFWAETMGFSRYTIMSSASRDNLTSPGPLSAQNFRVTHVTITE 

VFLHWDPPDPVFFHHYLITILDVENQSKSIILRTLNSLSIiVLIGLKKYTKYKbdRVAASTHVGESSLSEENDI 

FVRT S E DE PE S S PQDVEVI DVTADE I RLKWS PPEKPNG 1 1 IAYEVLYKN I DTLYMKNT STT DI I LRNLR PHT 

LYNISVRSYTRFGHGNQVSSLLSVRTSESVPDSAPENITYKNISSGEIELSFLPPSSPNGIIQKYTIYLKRS 

NGl^ERTINTTSLTQNIKGLKKYTQYIIEVSASTLKGEGTOSAPISILTEEDAPDSPPQDFSVKQLSGVTVK 

LSWQPPLEPNGIILYYTVYWRSSLBCTINVTETSLELSDLDYNVEYSAYVTASTRFGDGKTRSNIISFQTPE 

GPSDPPKDVYYANLSSSSIILFWTPPSKPNGIIQYYSVYYRNTSGTFMQNFTLHEVTNDFDNMTVSTIIDKL 

T I FS YYT FWLT AST SVGNGNKS SDI IEVYTDQDVPEGFVGNLTYES I SSTAINVSWVP PAQPNGLVFYYVSL 

ILQQTPRHVRPPLVTYERSIYFDNLEKYTDYILKITPSTEKGFSDTYTAQLYIKTEEDIPETSPIINTFKNL 

SSTSVLLSWDPPVKPNGAIISYDLTLQGPNENYSFITSDNYIILEELSPFTLYSFFAAARTRKGLGPSSILF 

FYTDE S VPLAPPQNLTLINCT S DFVWLKWS PS PLPGGI VICVYS FKIHEHET DTI YYKNI S GFKTEAKLVGLE 

PVSTYSIRVSAFTKVGNGNQFSNVVKFTTQESVPDWQNMQCMATSWQSVLVKWDPPKKANGIITQYMVTVE 

RNSTKVSPQDHMYTFIKLLANTSYVFKVRASTSAGEGDESTCHVSTLPETVPSVPTNIAFSDVQSTSATLTW 

IRPDTILGYFQNYKITTQLRAQKCKEWESEECVEYQKIQYLYEAHLTEETVYGLECKFRWYRFQVAASTNAGY \ 

GNASNWISTKTLPGPPDGPPENVHWATSPFSISISWSEPAVITGPTCYLIDVKSVDNDEFNISFIKSNEEN 

KTIEIKDLEIFTRYSWITAFTGNISAAYVEGKSSAEMIVTTLESAPKDPPNNMTFQKIPDEVTKFQLTFLP 

PSQPNGNIQVYQALVYREDDPTAVQIHNLSIIQKTNTFVIAMLEGLKGGHTYNISVYAVNSAGAGPKVPMRI 
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TMDIKAPARPKTKPTPIYDATGKLLVTSTTITIRMPICYYSDDHGPIKl^QVLVTETGAQHDGNVTKWYDAY 
FNKARPYFTNEGFPNPPCTEGKTKFSGNEEIYIIGADNACMIPGNEDKICNGPLKPKKQYLFKFRATNIMGQ 
FTDSDYSDPVKTLGEGLSERTVEIILSVTLCILSIILLGTAIFAFARIRQKQKEGGTYSPQDAEIIDTBCLKL 
DQLITVADLELKDERLTRPI SKKS FLQHVEELCTNNNLKFQEE FSELPKFLQDLS STDADLPWNRAKNRFPN 
IKPYNNNRVKLIADASVPGS DYINAS YI SGYLC PNEFIATQGPLPGTVGDFWRMVWETRAKTLVMLTQCFEK 
GRIRCHQYWPEDNKPVTVFGDIVITKLMEDVQIDWTIRDLKIERHGDCMTVRQCNFTAWPEHGVPENSAPLI 
HEVKLVRASRAHDTTPMIVHCSAGVGRTGVFIALDHLTQHINDHDFVDIYGLVAELRSERMQWQNIjAQYIF 
LHQCILDLLSNKGSNQPICFVNYSALQKMDSLDAMEGGDVELEWEETTM 



A search of sequence databases reveals that the NOV2a amino acid sequence has 1894 
of 2301 amino acid residues (82%) identical to, and 2078 of 2301 amino acid residues (90%) 
similar to, the 2302 amino acid residue ptnr:SPTREMBL-ACC:088488 protein from Rattus 
5 norvegicus (Rat) (Glomerular Mesangial Cell Receptor Protein-Tyrosine Phosphatase 
Precursor (EC 3.1.3.48)) (E = 0.0). Public amino acid databases include the GenBank 
databases, SwissProt, PDB and PIR. 

NOV2 is expressed in at least kidney and colon. This information was derived by 
determining the tissue sources of the sequences that were included in the invention including 
10 but not limited to SeqCalling sources, Public EST sources, Literature sources, and/or RACE 
sources. 

In addition, the sequence is predicted to be expressed in Rattus norvegicus :kidney 
because of the expression pattern of (GENBANK-ED: gb:GENBANK- 
E>:AF063249|acc:AF063249.1) a closely related Rattus norvegicus glomerular mesangial cell 
1 5 receptor protein-tyrosine phosphatase precursor (PTPRQ) mRNA, complete cds homolog. 



NOV2b 

A disclosed NOV2b nucleic acid of 2565 nucleotides (also referred to as CG50718-02) 
encoding a novel Glomerular Mesangial Cell Receptor Protein-Tyrosine-like protein is shown 
20 in Table 2C. An open reading frame was identified beginning with an AGA codon at 

nucleotides 1-3 and ending with a GAG codon at nucleotides 2563-2565. The start and stop 
codons are in bold letters in Table 2C. Because the first and last codons are not traditional 
initiation and termination codons, NOV2b could represent a partial reading frame that extends 
in the 5' and/or 3* directions. 

25 



Table 2C. NOV2b nucleotide sequence (SEQ ED NO:7). 

AGATCTCCTGAAGGGTTTGTTGGAAACCTGACTTACGAATCCATTTCGTCAACTGCAATAAATGTAAGCTGG 
GTCCCACCGGCTCAACCAAACGGTCTAGTCTTCTACTATGTTTCACTGATCTTACAGCAGACTCCTCGCCAT 
GTGAGACCACCTCTTGTTACATATGAGAGAAGCATATATTTTGATAATCTGGAAAAATACACTGATTATATA 
TTAAAAATTACTCCATCAACAGAAAAGGGATTCTCTGATACCTATACTGCCCAGCTATACATCAAGACTGAA 
GAAGATGTCCCAGAAACTTCACCAATAATCAACACTTTTAAAAACCTTTCCTCTACCTCAGTTCTCTTATCA 
TGGGATCCCCCAGTAAAGCCAAATGGTGCAATAATAAGTTATGATTTAACTTTACAAGGACCAAATGAAAAT 
TATTCTTTCATTACTTCTGATAATTACATAATATTGGAAGAGCTTTCACCATTTACATTATATAGCTTTTTT 
GCTGCCGCAAGAACTAGAAAAGGACTTGGTCCTTCCAGTATTCTTTTCTTTTACACAGATGAGTCAGTGCCG 
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TTAGCACCTCCACAAAATTTGACTTTAATCAACTGTACTTCAGACTTTGTATGGCTGAAATGGAGCCCAAGT 
CCTCTTCCAGGTGGTATTGTTAZ\AGTATATAGTTTT7\AAATTCATGAACATGAAACTGACACTATATATTAT 
AAGAATATATCAGGATTTAAAACTGAAGCCAAACTTGTTGGACTGGAACCAGTCAGCACCTACTCTATCCGT 
GTATCTGCGTTCACCAAAGTTGGAAATGGCAATCAATTTAGTAATGTAGTAAAATTCACAACCCAAGAATCA 
GTTCCAGATGTCGTGCAGAATATGCAGTGCATGGCAACTAGCTGGCAGTCAGTTTTAGTGAAATGGGATCCA 
CCCAAAAAGG C AAATGGAATAATAACGCAGTATATGGTAACAGTTGAAAGGAATTCTACAAAAGTTT CTCCC 
CAAGATCACATGTACACTTTCATAAAGCTTCTTGCCAATACCTCATATGTCTTTAAAGTAAGAGCTTCAACC 
TCAGCTGGTGAAGGTGATGAAAGCACATGCCATGTCAGCACACTACCTGAAACAGTTCCCAGTGTTCCCACA 
AATATTGCTTTTTCTGATGTTCAGTCAACTAGTGCAACATTGACATGGATAAGACCTGACACTATCCTTGGC 
TACTTTCA7U^TTACAAAATTACCACTCAACTTCGTGCTCAAAAATGCAAAGAATGGGAATCCGAAGAATGT 
GTTGAATATCAAAAAATTCAATACCTCTATGAAGCTCACTTAACTGAAGAGACAGTATATGGATTAAAGAAA 
TTTAGATGGTATAGATTCCAAGTGGCTGCCAGCACCAATGCTGGCTATGGCAATGCTTCAAACTGGATTTCT 
ACAAAAACTCTGCCTGGCCCTCCAGATGGTCCTCCTGAAAATGTTCATGTAGTAGCAACATCACCTTTTAGC 
ATCAGCATAAGCTGGAGTGAACCTGCTGTCATTACTGGACCAACATGTTATCTGATTGATGTCA7VATCGGTA 
GATAATGATGAATTTAATATATCCTTCATCAAGTCAAATGAAGAAAATAAAACCATAGAAATTAAAGATTTA 
GAAATATTCACAAGGTATTCTGTAGTGATCACTGCATTTACTGGGAACATTAGTGCTGCATATGTAGAAGGG 
AAGTCAAGTGCTGAAATGATTGTTACTACTTTAGAATCAGCCCCAAAGGACCCACCTAACAACATGACATTT 
CAGAAGATACCAGATGAAGTTACAAAATTTCAATTAACGTCCCTTCCTCCTTCTCAACCTAATGGAAATATC 
CAAGTATATCAAGCTCTGGTTTACCGAGAAGATGATCCTACTGCTGTCCAGATTCACAACCTCAGTATTATA 
CAGAAAACCAACACATTCGTCATTGCAATGCTAGAAGGACTAAAAGGTGGACATACATACAATATCAGTGTT 
TACGCAGTCAATAGTGCTGGTGCAGGTCCAAAGGTTCCGATGAGAATAACCATGGATATCAAAGCTCCAGCA 
CGACCAAAAACCAAACCAACCCCTATTTATGATGCCACAGGAAAACTGCTTGTGACTTCAACAACAATTACA 
ATCAGAATGCCAATATGTTACTACAGTGATGATCATGGACCAATAAAAAATGTACAAGTGCTTGTGACAGAA 
ACAGGAGCTCAGCATGATGGAAATGTAACAAAGTGGTATGATGCATATTTTAATAAAGCAAGGCCATATTTT 
ACAAATGAAGGCTTTCCTAACCCTCCATGTACAGAAGGAAAGACAAAGTTTAGTGGCAATGAAGAAATCTAC 
ATCATAGGTGCTGATAATGCATGCATGATTCCTGGCAATGAAGACTkAAATTTGCAATGGACCACTGAAACCA 
AAAAAGCAATACTTATTTAAATTTAGAGCTACAAATATTATGGGACAATTTACTGACTCTGATTATTCTGAC 
C CTG TT AAGACTT T AGGCGAAGGACT TTCAGAAAGAACCCT CGAG 



The disclosed NOV2b polypeptide (SEQ ID NO:8) encoded by SEQ ID NO:7 has 855 
amino acid residues and is presented in Table 2D using the one-letter amino acid code. 



Table 2D. Encoded NOV2b protein sequence (SEQ ID NO:8). 

RSPEGEVGNLTYESISSTAINVSWVPPAQPNGLVFYYVSLILQQTPRHVRPPLVTYERSIYFDNLEKYTDYI 

LKITPSTEKGFSDTYTAQLYIKTEEDVPETSPIINTFKNLSSTSVLLSWDPPVKPNGAIISYDLTLQGPNEN 

YSFITSDNYIILEELSPFTLYSFFAAARTRKGLGPSSILFFYTDESVPLAPPQNLTLINCTSDFVWLKWSPS 

PLPGGIVKVYSFKIHEHETDTIYYKNISGFKTEAKLVGLEPVSTYSIRVSAFTKVGNGNQFSNVVKFTTQES 

VPDWQNMQCMATSWQSVLVKWDPPKKANGIITQYMVTVERNSTKVSPQDHMYTFIKLIJ^TSW 

SAGEGDESTCHVSTLPETVPSVPTKIAFSDVQSTSATLTWIRPDTILGYFQNYKITTQLRAQKCKEWESEEC 

VEYQKIQYLYEAHLTEETVYGLKKFRWYRFQVAASTNAGYGNASNWISTKTLPGPPDGPPENVHWATSPFS 

ISISWSEPAVITGPTCYLIDVKSVDNDEFNISFIKSNEENKTIEIKDLEIFTRYSWITAFTGNISAAYVEG 

KSSAEMIVTTLESAPKDPPNNMTFQKIPDEVTKFQLTSLPPSQPNGNIQVYQALVYREDDPTAVQIHNLSII 

QKTNTFVIAMLEGLKGGHTYNISVYAVNSAGAGPKVPMRITMDIKAPARPKTKPTPIYDATGKLLVTSTTIT 

IRMPICYYSDDHGPIKNVQVLVTETGAQHDGNOTKWYDAYFNKARPYFTNEGFPNPPCTEGKTKFSGNEEIY 

I IGADNACMIPGNEDKICNGPLKPKKQYIiFKFRATNIMGQFTDSDYSDPVKTLGEGLSERTLE 



NOV2b is expressed in Brain, Colon, Fetal brain, Germ Cell, Heart, Kidney, Prostate, 
Uterus, brain, breast, colon, kidney, lung. 



NOV2c 

A disclosed NOV2c nucleic acid of 6903 nucleotides (also referred to as CG507 18-05) 
encoding a novel Glomerular Mesangial Cell Receptor Protein-Tyrosine Phosphatase 
Precursor-like protein is shown in Table 2E. An open reading frame was identified be gi n nin g 
with an ATG initiation codon at nucleotides 1-3 and ending with a TGA codon at nucleotides 
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6901-6903. A putative untranslated regions upstream from the initiation codon and 
downstream of the termination codon are underlined in Table 2E. The start and stop codons 
are in bold letters. 



Table 2E. NOV2c nucleotide sequence (SEQ ID NO:9). 

ATGGATTTTCTTATCATTTTTCTTTTACTTTTTATTGGGACTTCAGAGACACAGGTAGATGTTTCCAATGTC 
GTTCCTGGTACTAGGTACGATATAACCATCTCTTCAATTTCTACAACATACACCTCACCTGTTACTAGAATA 
GTGACAACAAATGTAACAGAACCAGGGCCTCCAGTCTTCCTAGCCGGGGAAAGAGTCGGATCTGCTGGGATT 
CTTCTGTCTTGGAATACACCACCTAATCCAAATGGAAGGATTATATCTTACATTGTCAAATATAAGGAAGTT 
TGTCCGTGGATGCAAACAGTATATACACAAGTCAGATCAAAGCCAGACAGTCTGGAAGTTCTTCTTACTAAT 
CTTAATCCTGGAACAACATATGAAATTAAGGTAGCTGCTGAAAACAGTGCTGGCATTGGAGTGTTTAGTGAT 
CCATTTCTCTTCCAAACTGCAGAAAGTCCAGCTCCAGGAAAAGTGGTGAATCTCACAGTTGAGGCCTACAAC 
GCTTCAGCAGTTAAGCTGATTTGGTATTTACCTCGGCAACCAAATGGCAAAATTACCAGCTTCAAGATTAGT 
GTCAAGCATGCCAGAAGTGGGATAGTAGTGAAAGATGTCTCAATCAGAGTAGAGGACATTTTGACTGGGAAA 
TTGCCAGAATGCAATGTAGAGAATAGTGAATCTTTTTTATGGAGTACAGCCAGCCCTTCTCCAACCCTTGGT 
AGAGTTACACCTCCATCGCGTACCAC71CATTCATCAAGCACGTTGACACAGAATGAGATCAGCTCTGTGTGG 
AAAGAGCCTATCAGTTTTGTAGTGACACACTTGAGACCTTATACAACATATCTTTTTGAAGTTTCAGCTGCT 
ACAACTGAAGCAGGTTATATTGATAGTACGATTGTCAGAACACCAGAATCAGTGCCTGAAGGACCACCACAA 
AACTGCGTAACAGGCAACATCACAGGAAAGTCCTTTTCAATTTTATGGGACCCACCAACTATAGTAACAGGG 
AAATTTAGTTATAGAGTTGAATTATATGGACCATCAGGTCGCATTTTGGATAACAGCACAAAAGACCTCAAG 
TTTGCATTCACTAACCTAACACCATTTACAATGTATGATGTCTATATTGCGGCTGAAACCAGTGCAGGGACT 
GGGCCCAAGTCAAATATTTCAGTATTCACTCCACCAGATGTTCCAGGGGCAGTGTTTGATTTACAACTTGCA 
GAGGTAGAATCCACGCAAGTAAGAATTACTTGGAAGAAACCACGACAACCAAATGGAATTATTAACCAATAC 
CGAGTGAAAGTGCTAGTTCCAGAGACAGGAATAATTTTGGAAAATACTTTGCTCACTGGTU^ATAATGAGATA 
AATGACCCCATGGCTCCAGAAATTGTGAACATAGTAGAGCCAATGGTAGGATTATATGAGGGTTCAGCAGAG 
ATGTCGTCTGACCTTCACTCACTTGCTACATTTATATATAACAGCCATCCAGATAAAAACTTTCCTGCAAGG 
AATAGAGCTGAAGACCAGACTTCACCAGTTGTAACTACAAGGAATCAGTATATTACTGACATTGCAGCTGAA 
CAGCTGTCTTATGTTATCAGGAGACTTGTACCTTTCACTGAGCACATGATTAGTGTATCTGCTTTCACCATC 
ATGGGAGAAGGACCACCAACAGTTCTCAGTGTTAGGACACGTCAGCAAGTGCCAAGCTCCATTAAAATTATA 
AACTATAAAAATATTAGTTCTTCATCTATTTTGTTATATTGGGATCCTCCAGAATATCCCAATGGAAAAATA 
ACTCACTATACGATTTATGCAATGGAATTGGATACAAACAGAGCATTCCAGATAACTACCATAGATAACAGC 
TTTCTGATAACAGGTATAGGGTTAAAGAAATACACAAAATACAAAATGAGAGTG^ 

GGAGAAAGTTCTTTGTCTGAAGAAAATGACATCTTTGTGAGAACTTCAGAAGATGAACCGGAATCATCACCT 
CAAGATGTCGAAGTAATTGATGTTACCGCAGATGAAATAAGGTTGAAGTGGTCACCACCCGAAAAGCCCAAT 
GGGATCATTATTGCTTATGAAGTGCTATATAAAAATATAGATACTTTATATATGAAGAACACATCAACAACA 
GACATAATATTAAGGAACTTAAGACCTCACACCCTCTATAACATTTCTGTAAGGTCTTACACCAGATTTGGT 
CATGGCAATCAGGTATCTTCTTTACTCTCTGTAAGGACTTCGGAGACTGTGCCTGATAGTGCACCAGAAAAT 
ATCACTTACAAAAATATTTCTTCTGGAGAGATTGAGCTATCATTCCTTCCCCCAAGTAGTCCCAATGGAATC 
ATACAAAAATATACAATTTATCTCAAGAGAAGTAATGGAAATGAGGAAAGAACTATAAATACAACCTCTTTA 
ACCCAAAACATTCTGAAGAAATATACCCAATATATCATTGAGGTGTCTGCTAGTACACTCAAAGGTGAAGGA 
GTTCGGAGTGCTCCCATAAGTATACTGACGGAGGAAGATGCTCCTGATTCTCCCCCTCAAGACTTCTCTGTA 
AAACAGTTGTCTGGTGTCACGGTGAAGTTGTCATGGCAACCACCCCTGGAGCCAAATGGAATTATCCTTTAT 
T ACACAGTTT ATGTCT GGAGG AATAG ATC ATC AT T AAAAACT ATT AATGT CACT GAAACAT C ATT GGAGTT A 
TCAGATTTGGATTATAATGTTGAATACAGTGCTTATGTAACAGCTAGCACCAGATTTGGTGATGGGAAAACA 
AGAAGCAATATCATTAGCTTTCAAACACCAGAGGGACCAAGCGATCCTCCCAAAdlATGTTTATTATGCAAAC 
CTCAGTTCTTCATCAATAATTCTTTTCTGGACACCTCCTTCAAAACCTAATGGGATTATACAATATTACTCT 
GTTTATTACAGAAATACTTCAGGTACTTTTATGCAGAATTTTACACTCCATGAAGTAACCAATGACTTTGAC 
AATATGACTGTATCCACAATTATAGATAAACTGACAATATTCAGCTACTATACATTTTGGTTAACAGCAAGT 
ACTTCAGTTGGAAATGGGAATAAAAGCAGTGACATCATTGAAGTATACACAGATCAAGACGTCCCTGAAGGG 
TTTGTTGGAAACCTGACTTACGAATCCATTTCGTCAACTGCAATAAATGTAAGCTGGGTCCCACCGGCTCAA 
CCAAACGGTCTAGTCTTCTACTATGTTTCACTGATCTTACAGCAGACTCCTCGCCATGTGAGACCACCTCTT 
GTTACATATGAGAGAAGCATATATTTTGATAATCTGGAAAAATACACTGATTATATATTAAAAATTACTCCA 
T CAACAGAAAAGGGATTCT CTGATACCTATACTGCCCAGCTAT ACATCAAGACTGAAGAAGATGTCCCAGAA 
ACTTCACCAATAATCAACACTTTTAAAAACCTTTCCTCTACCTCAGTTCTCTTATCATGGGATCCCCCAGTA 
AAGCCAAATGGTGCAATAAT AAGTTATGAT TT AACT TTACAAGGACCAAAT GAAAATTATT CTT TCATTACT 
TCTGATAATTACATAATATTGGAAGAGCTTTCACCATTTACATTATATAGCTTTTTTGCTGCCGCAAGAACT 
AGAAAAGGACTTGGTCCTTCCAGTATTCTTTTCTTTTACACAGATGAGTCAGTGCCGTTAGCACCTCCACAA 
AATTTGACTTTAATCAACTGTACTTCAGACTTTGTATGGCTGAAATGGAGCCCAAGTCCTCTTCCAGGTGGT 
ATTGTTAAAGTATATAGTTTTAAAAT TCATGAACATGAAACT GACACTATATATTATAAGAATATATCAGGA 
TTTAAAACTGAAGCCAAACTTGTTGGACTGGAACCAGTCAGCACCTACTCTATCCGTGTATCTGCGTTCACC 
AAAGTTGGAAATGGCAATCAATTTAGTAATGTAGTAAAATTCACAACCCAAGAATCAGTTCCAGATGTCGTG 
CAGAATATGCAGTGCATGGCAACTAGCTGGCAGTCAGTTTTAGTGAAATGGGATCCACCCAAAAAGGCAAAT 
GGAATAATAACGCAGTATATGGTAACAGTTGAAAGGAATTCTACAAAAGTTTCTCCCCAAGATCACATGTAC 
ACTTTCATAAAGCTTCTTGCCAATACCTCATATGTCTTTAAAGTAAGAGCTTCAACCTCAGCTGGTGAAGGT 
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GATGAAAGCACATGCCATGTCAGCACACTACCTGAAACAGTTCCCAGTGTTCCCACAAATATTGCTTTTTCT 

GATGTTCAGTCAACTAGTGCAACATTGACATGGATAAGACCTGACACTATCCTTGGCTACTTTCAAAATTAC 

AAAATTACCACTCAACTTCGTGCTCAAAAATGCAAAGAATGGGAATCCGAAGAATGTGTTGAATATCAAAAA 

ATTCAATACCTCTATGAAGCTCACTTAACTGAAGAGACAGTATATGGATTAAAGAAATTTAGATGGTATAGA 

TTCCAAGTGGCTGCCAGCACCAATGCTGGCTATGGCAATGCTTCAAACTGGATTTCTACAAAAACTCTGCCT 

GGCCCTCCAGATGGTCCTCCTGA7WVTGTTCATGTAGTAGCAACATCACCTTTTAGCATCAGCATAAGCTGG 

AGTGAACCTGCTGTCATTACTGGACCAACATGTTATCTGATTGATGTCAAATCGGTAGATAATGATGAATTT 

AATATATCCTTCATCAAGTCAAATGAAGAAAATAAAACCATAGAAATTAAAGATTTAGAAATATTCACAAGG 

TATTCTGTAGTGATCACTGCATTTACTGGGAACATTAGTGCTGCATATGTAGAAGGGAAGTCAAGTGCTGAA 

ATGATTGTTACTACTTTAGAATCAGCCCCAAAGGACCCACCTAACAACATGACATTTCAGAAGATACCAGAT 

GAAGTTACAAAATTTCAATTAACGTCCCTTCCTCCTTCTCAACCTAATGGAAATATCCAAGTATATCAAGCT 

CTGGTTTACCGAGAAGATGATCCTACTGCTGTCCAGATTCACAACCTCAGTATTATACAGAAAACCAACACA 

TTCGTCATTGCAATGCTAGAAGGACTAAAAGGTGGACATACATACAATATCAGTGTTTACGCAGTCAATAGT 

GCTGGTGCAGGTCCAAAGGTTCCGATGAGAATAACCATGGATATCAAAGCTCCAGCACGACCAAAAACCAAA 

CCAACCCCTATTTATGATGCCACAGGAAAACTGCTTGTGACTTCAACAACAATTACAATCAGAATGCCAATA 

TGTTACTACAGTGATGATCATGGACCAATAAAAAATGTACAAGTGCTTGTGACAGAAACAGGAGCTCAGCAT 

GATGGAAATGTAACAAAGTGGTATGATGCATATTTTAATAAAGCAAGGCCATATTTTACAAATGAAGGCTTT 

CCTAACCCTCCATGTACAGAAGGAAAGACAAAGTTTAGTGGCAATGAAGAAATCTACATCATAGGTGCTGAT 

AATGCATGCATGATTCCTGGCAATGAAGACAAAATTTGCAATGGACCACTGAAACCAAAAAAGCAATACTTA 

TTTAAATTTAGAGCTACAAATATTATGGGACAATTTACTGACTCTGATTATTCTGACCCTGTTAAGACTTTA 

GGCGAAGGACTTTCAGAAAGAACCCTAGAGATCATTCTTTCCGTCACTTTGTGTATCCTTTCAATAATTCTC 

CTTGGAACAGCTATTTTTGCATTTGCAAGAATTCGACAGAAGCAGAAAGAAGGTGGCACATACTCTCCTCAG 

GATGCAGAAATTATTGACACTAAATTGAAGCTGGATCAGCTCATCACAGTGGCAGACCTGGAACTGAAGGAC 

GAGAGATTAACGCGGTTACTTAGTTATAGAAAATCCATCAAGCCAATAAGCAAGAAATCCTTCCTGCAACAT 

GTTGAAGAGCTTTGCACAAACAACAACCTAAAGTTTCAAGAAGAATTTTCGGAATTACCAAAATTTCTTCAG 

GATCTTTCTTCAACTGATGCTGATCTGCCTTGGAATAGAGCAAAAAACCGCTTCCCAAACATAAAACCATAT 

AATAATAACAGAGTAAAGCTGATAGCTGACGCTAGTGTTCCAGGTTCGGATTATATTAATGCCAGCTATATT 

TCTGGTTATTTATGTCCAAATGAATTTATTGCTACTCAAGGTCCACTACCAGGAACAGTTGGAGATTTTTGG 

AGAAT GGT GT GGGAAACCAGAGCAAAAACATT AGT AATGCT AACACAGTGTT T TGAAAAAGGACGG ATCAGA 

TGCCATCAGTATTGGCCAGAGGACAACAAGCCAGTTACTGTCTTTGGAGATATAGTGATTACAAAGCTAATG 

GAGGATGTTCAAATAGATTGGACTATCAGGGATCTGAAAATTGAAAGGCATGGGGATTGCATGACTGTTCGA 

CAGTGTAACTTTACTGCCTGGCCAGAGCATGGGGTTCCTGAGAACAGCGCCCCTCTAATTCACTTTGTGAAG 

TTGGTTCGAGCAAGCAGGGCACATGACACCACACCTATGATTGTTCACTGTAGTGCTGGAGTTGGAAGAACT 

GGAGTTTTTATTGCTCTGGACCATTTAACACAACATATAAATGACCATGATTTTGTGGATATATATGGACTA 

GTAGCTGAACTGAGAAGTGAAAGAATGTGCATGGTGCAGAATCTGGCACAGTATATCTTTTTACACCAGTGC 

ATTCTGGATCTCTTATCAAATAAGGGAAGTAATCAGCCCATCTGTTTTGTTAACTATTCAGCACTTCAGAAG 

ATGGACTCTTTGGACGCCATGGAAGGTGATGTTGAGCTTGAATGGGAAGAAACCACTATGTAA 



In a search of public sequence databases, the NOV2c nucleic acid sequence, located on 
chromsome 12 has 5903 of 6906 bases (85%) identical to a gb:GENBANK- 
ID:AF063249|acc:AF063249.1 mRNA from Rattus norvegicus (Rattus norvegicus glomerular 
mesangial cell receptor protein-tyrosine phosphatase precursor (PTPRQ) mRNA, complete 
cds) (E =0.0). Pubhc nucleotide databases include all GenBank databases and the GeneSeq 
patent database. 

The disclosed NOV2c polypeptide (SEQ ID NO:10) encoded by SEQ ID NO:9 has 
2300 amino acid residues and is presented in Table 2F using the one-letter amino acid code. 
Signal P> Psort and/or Hydropathy results predict that NOV2c has a signal peptide and is likely 
to be localized in the plasma membrane with a certainty of 0.4600. In other embodiments, 
NOV2c may also be localized to the microbody (peroxisome) with acertainty of 0.1260, the 
endoplasmic reticulum (membrane) with a certainty of 0. 1000 or in the endoplasmic reticulum 
(lumen) with a certainty of 0.1000. The most likely cleavage site for aNOV2c peptide is 
between amino acids 17 and 18, at: SET-QV. 
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Table 2F. Encoded NOV2c protein sequence (SEQ ID NO:10). 

MDFLIIFLLLFIGTSETQVDVSNWPGTRYDITISSISTTYTSPVTRIVTTNVTEPGPPVFLAGERVGSAGI 
LLSWNTPPNPNGRIISYIVKYKEVCPWMQTVYTQVRSKPDSLEVLLTNLNPGTTYEIKVAAENSAGIGVFSD 
PFLFQTAESPAPGKVVNLTVEAYNASAVKLIWYLPRQPNGKITSFKISVKHARSGIVVKDVSIRVEDILTGK 
LPECNVENSESFLWSTASPSPTLGRVTPPSRTTHSSSTLTQNEISSVWKEPISFWTHLRPYTTYLFEVSAA 
TTEAGYIDSTIVRTPESVPEGPPQNCVTGNITGKSFSILWDPPTIVTGKFSYRVELYGPSGRILDNSTKDLK 
FAFTNLTPFTMYDVYIAAETSAGTGPKSNISVFTPPDVPGAVFDLQLAEVESTQVRITWKKPRQPNGIINQY 
RVKVLVPETGIILENTLLTGNNEINDPMAPEIVNIVEPMVGLYEGSAEMSSDLHSLATFIYNSHPDKNFPAR 
NRAEDQTSPWTTRNQYITDIAAEQLSYVIRRLVPFTEHMISVSAFTIMGEGPPTVLSVRTRQQVPSSIKII 
NYKNISSSSILLYWDPPEYPNGKITHYTIYAMELDTNRAFQITTIDNSFLITGIGLKKYTKYKMRVAASTHV 
GESSLSEENDIFVRTSEDEPESSPQDVEVIDVTADEIRLKWSPPEKPNGIIIAYEVLYKNIDTLYMKNTSTT 
DIILRNLRPHTLYNISVRSYTRFGHGNQVSSLLSVRTSETVPDSAPENITYKNISSGEIELSFLPPSSPNGI 
IQKYTIYLKRSNGNEERTINTTSLTQNILKKYTQYIIEVSASTLKGEGVRSAPISILTEEDAPDSPPQDFSV 
KQLSGVTVKLSWQPPLEPNGIILYYTVYWRNRSSIJCTINVTETSLELSDLDYNVEYSAYVTASTRFGDGKT 
RSNIISFQTPEGPSDPPKDVYYANLSSSSIILFWTPPSKPNGIIQYYSVYYRNTSGTFMQNFTLHEVTNDFD 
NMTVSTIIDKLTIFSYYTFWLTASTSVGNGNKSSDIIEVYTDQDVPEGFVGNLTYESISSTAINVSWVPPAQ 
PNGLVFYYVSLILQQTPRHVRPPLVTYERSIYFDNLEKYTDYILKITPSTEKGFSDTYTAQLYIKTEEDVPE 
TSPIINTFKNLSSTSVLLSWDPPVKPNGAIISYDLTLQGPNENYSFITSDNYIILEELSPFTLYSFFAAART 
RKGLGPSSILFFYTDESVPLAPPQNLTLINCTSDFVWLKWSPSPLPGGIVKVYSFKIHEHETDTIYYKNISG 
FKTEAKLVGLEPVSTYSIRVSAFTKVGNGNQFSNVVKFTTQESVPDWQNMQCMATSWQSVLVKWDPPKKAN 
GIITQY>3VTVERNSTKVSPQDHMYTFIKLLANTSWFKVRASTSAGEGDESTCHVSTLPETVPSVPTNIAFS 
DVQSTSATLTWIRPDTILGYFQWYKITTQLRAQKCKEWESEECVEYQKIQYLYEAHLTEETVYGLKKFRWYR 
FQVAASTNAGYGNASNWISTKTLPGPPDGPPENVHWATSPFSISISWSEPAVITGPTCYLIDVKSVDNDEF 
NISFIKSNEENKTIEIKDLEIFTRYSVVITAFTGNISAAYVEGKSSAEMIVTTLESAPKDPPNNMTFQKIPD 
EVTKFQLTSLPPSQPNGNIQVYQALVYREDDPTAVQIHNLSIIQKTNTFVIAMLEGLKGGHTYNISVYAVNS 
AGAGPKVPMRITMDIKAPARPKTKPTPIYDATGBCLLVTSTTITIRMPICYYSDDHGPIKNVQVLVTETGAQH 
DGNVTKWYDAYFNKARPYFTNEGFPNPPCTEGKTKFSGNEEIYIIGADNACMIPGNEDKICNGPLKPKKQYL 
FKFRATNIMGQFTDSDYSDPVKTLGEGLSERTLEIILSVTLCILSIILLGTAIFAFARIRQKQKEGGTYSPQ 
DAEIIDTKLKLDQLITVADLELKDERLTRLLSYRKSIKPISKKSFLQHVEELCTNNNLKFQEEFSELPKFLQ 
DLSSTDADLPWNRAKNRFPNIKPYNNNRVKLIADASVPGSDYINASYISGYLCPNEFIATQGPLPGTVGDFW 
RMVWETRAKTLVMLTQCFEKGRIRCHQYWPEDNKPVTVFGDIVITKIiMEDVQIDWTIRDLKIERHGDCMTVR 
QCNFTAWPEHGVPENSAPLIHFVKLVRASRAHDTTPMIVHCSAGVGRTGVFIALDHLTQHINDHDFVDIYGL 
VAELRSERMCMVQNLAQYIFLHQCILDLLSNKGSNQPICFVNYSALQKMDSLDAMEGDVELEWEETTM 



A search of sequence databases reveals that the NOV2c amino acid sequence has 1988 
of 2301 amino acid residues (86%) identical to, and 2151 of 2301 amino acid residues (93%) 
similar to, the 2302 amino acid residue ptnr:SPTREMBL-ACC:088488 protein from Rattus 
norvegicus (Rat) (Glomerular Mesangial Cell Receptor Protein-Tyrosine Phosphatase 
Precursor (EC 3.1.3.48)) (E = 0.0). Public amino acid databases include the GenBank 
databases, SwissProt, PDB and PIR. 

NOV2c is expressed in at least Synovium/Synovial membrane, Kidney. Expression 
information was derived from the tissue sources of the sequences that were included in the 
derivation of the sequence of CuraGen Acc. No. CG50718-05. The sequence is predicted to be 
expressed in the Rattus norvegicus glomerular mesangial. because of the expression pattern of 
(GENBANK-ID: gb:GENBANK-ID:AF063249|acc:AF063249.1) a closely related Rattus 
norvegicus glomerular mesangial cell receptor protein-tyrosine phosphatase precursor 
(PTPRQ) mRNA, complete cds homolog. 

Homologies among each of the above NOV2 proteins will be shared by the other 
NOV2 proteins insofar as they are homologous to each other as shown below in Table 2G. 
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Any reference to NOV2 is assumed to refer to all three of the NOV2 proteins in general, 
unless otherwise noted. 



Table 2G Alignment of NOV2a, b, and c 

10 20 30 40 50 60 
1 ) ) ^ 1 1 ^ ) ) ) - . . . )■■..) 

Nov2a gjggggggggggg^^g^^E^33H^S3^BB3S^ 6A l s IS — 333331 56 

NOV2b 1 

NOV2c gEggggggggg^^ 60 

70 80 90 100 110 120 

. . . . 1 1 .... 1 .... | .... 1 I I | ... -1 , ... j ... > I .... 1 

NOV2a iatfeTcy:Wcl4 Jefcift^ 118 

NOV2b 1 

NOV2c lalMcyAticfcfc TeH**^^ 120 

130 140 150 160 170 180 

. . . . I I I j .... I .... I ... . 1 1 * ... I .... I I .... I 

NOV2a liMJcW^sfcMi&W^T^^ 175 

NOV2b ^^^~^^2™ZIIIIZIIIZIIIIIIZIZ''ZZZIZL 1 

NOV2c tMskW^idAWiifilal^^ 180 

190 200 210 220 230 240 

1 1 I j I I 1 I I I I I 

NOV2a ATKT <l!TOE35315Cg^f5^ 235 

NOV2b 1 

nov2o 0PN riSSragSisgia!L p J5^^ 240 

250 260 270 280 290 300 

.... I I I 1 I 1 1 1 1 I .... I I 

NOV2a kWdHhlgk^aSM^*^^ 294 
NOV2b 1 

nov2c ^E^^E^BESMB ^i^SS^MS^S&^ES^ESS&^EB^^k 300 

310 320 330 340 350 360 

N0V2b 1 

370 380 390 400 410 420 

.... I 1 .... I .... | .... | .... 1 .... | | 1 I .... I I 

NOV2a WiilabMftiaMil^^^ 414 

N0V2 b - . i 

NOV2c MaklaliilMWaaiiH)^^^ 419 

430 440 450 460 470 480 

NOV2b ~~~~~~~~~~ 1 

NOV2c Wa&frteiWci^ fiWJttTJ^ 47 9 

490 500 510 520 530 540 

. . . . 1 1 .... I 1 .... 1 1 I I 1 .... 1 . . .. I .... | 

NOV2b - 1 

NOV2c laW^iMildlkUaU'JEUadMM^ 539 

550 560 570 580 590 600 

. . . . | .... I .... I .... I ....].... | .... | .... I . „ . i ... -1. ... I 

NOV2a BWAETgGEgRgBBs S ASRDN[|TS PG @L§AjQN FRVTHV fjl§E VJEflHj^^ D — P VF 588 

NOV2b ' rZ— 1 

NOV2c j§TEHKJ3SVgft3ig^ 599 

610 620 630 640 650 660 
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. . I . . | . . I .... I .... I ... . j l l | ! | | 

NOV2a FHfflLgTljLPV^ 648 

NOV2b jL 

N0V2c ITEflTflYflMg^TN^^ 659 

670 680 690 700 710 720 

■«■• I -t — >| — | I | ) 1 ) 

N0V2a l*+i:lJ»4aW:d:i:>fcfct^ 708 

N0V2b 3L 

nov2c E^5S5332i^E5£l5Z^HBE5B^ 719 

730 740 750 760 770 780 

....|....|.. ..| |.... | |.... | j . ... | )..,.) | 

N0V2a My»wm»M:*asMwiMot«cit i^^ 768 

N0V2b x 

nov2c 3^EE3SB333SES^S^S23SIBS^^^ S^S3Bi ^ B3!^B53SHH5S^^B3B 779 

790 800 810 820 830 840 

1 > 1 1 I 1 I I I .... 1 1 1 

N0V2a rjjiKixnu^MtittwwM±L l Mli:WH^ 828 

N0V2b x 

kov2c 3B555^B33BE^IEBi2^B2353HSHB535IB — BSBSESE^EEEEB 637 

850 860 870 880 890 900 

.»«. N. --I.... I«. ..|....|.... I.... |... ■!....) . ... | .... | .... | 

Nov2a ^M^MSSMMMS S^M^^MSMSSS^SMSSSSSESM - sse 

N0V2b 1 

nov2c ^SS^SS^S^I^^^S^^^^MSM!SSS3S^SSSSSSM^^ 8 97 

910 920 930 940 950 960 
1 I 1 I I I | | |. ... | | | 

Nov2a E£B32EE3SS3S311^ 946 

N0V2b ^^-- '^--^^^ZlJIJIIJJIJJII^JZl 2 

nov2c laaflauMiisWgfafetfctid^ 957 

970 980 990 1000 1010 1020 

I I 1 I 1 | |. .. .1 I J | | 

N0V2a WttMIsl^AMaMn^ 1006 
N0V2b _—.„._, 1 

nov2c BS^SMSS^^SB^^SMS^^M^MBSSSSSS^SE 1017 

1030 1040 1050 1060 1070 1080 

I 1 I 1 1 | | 1 | | | | 

N0V2a ^^^^^^^S^M^S^SS ^^^^ES^^^^^ M 1066 

Nov2b b§ ^ ^SB SgBSmBBHE 26 

nov2c ^^^^B^^^^ ^^^^^^j^^^^g^^^^^^ 1077 

1090 1100 1110 1120 1130 ' 1140 
1 I I I I | 1 j ] | } | 

NOV2b E3B^ 86 

N0V2c kkMrWcWia^^^ U37 

1150 1160 1170 1180 1190 1200 
1 I I 1 | j 1 j | | | | 

NOV2b Mi^a^JllMi^ ^ 14 6 

nov2c BBEMSM 1197 

1210 1220 1230 1240 1250 1260 
1 I ) ) 1 | | | | I. . | I 

Nov2b bbbsbbs^^ 206 
nov2c MMEESBEMg 1257 

1270 1280 1290 1300 1310 1320 

I I 1 | .... | .... | .... | I 1 I . . . I j 

»°V2a Wfl^ 1306 

NOV2c BfflMBB5EB 1317 
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1330 1340 1350 1360 1370 1380 

1 | | 1 I .... | I.. | .... | 

NOV2a ^^^^^^^^^^^^m i^^^^^^^^^gS^m 1366 
N0V2b BiSS^ 326 

NOV2c gpff?^^ 1377 



NOV2a 
NOV2b 
NOV2c 



NOV2a 
N0V2b 
NOV2c 



1390 1400 1410 1420 1430 1440 
.-I I I I | I | I I I I 



VERNSTKVSPQDHMYTFIKLLANTSYVFKVRASTSAGEGDESTCHVSTLPETVPSVPTNI 
VERNSTKVSPQDHMYTFIKLLANTSYVFKVRASTSAGEGDESTCHVSTLPETVPSVPTN1 
VERNSTKVSPQ DHMYTFIKLLANTSYVFKVRASTSAGEGDESTCHVSTLPETVPSVPTMJ 



1450 



1460 1470 1480 1490 1500 
. I | | | ! | | | i 

1486 
446 
1497 



AFSDVQSTSATLTWIRPDTILGYFQNYKITTQLRAQKCKEWESEECVEYQKIQYLYEAHL 
AFSDVQSTSATLTWIRPDTILGYFQNYKITTQLRAQKCKEWESEECVEYQKIQYLYEAHL 
AF5DVQSTSATLTWIRPDTILGYFQNYKIT TQLRAQKCKEWE S EECVEYQKIQYLYEAH L 



1510 1520 1530 1540 1550 1560 
1 1 I } | J J |... I . I 

Nov2a ^g^^^^^g^^^^^^ s^^i^^^ 1546 

N0V2c 



TEETVYGLKKFRWYRFQVAASTKAGYGNASNWISTKTLPGPPDGPPENVHVVATSPFSIS 
TEETVYGLKKFRWYRFQVAASTNAGYGNASNWISTKTLPGPPDGPPENVHVVATSPFSIS 
TEETVYGLKKFRWYRFQVAASTNAGYGNASNWISTKTLPGPPDGPPENVHVVATSPFSTfi 



506 
1557 



N0V2a 
N0V2b 
N0V2C 



N0V2a 
N0V2b 
N0V2c 



N0V2a 
N0V2b 
N0V2c 



N0V2a 
NOV2b 
N0V2c 



1570 1580 1590 1600 1610 1620 
■ • I I | | I I I | I 1 . I 



ISWSEPAVITGPTCYLIDVKSVDNDEFNISFIKSNEENKTIEIKDLEIFTRYSWITAFT 
ISWSEPAVITGPTCYLIDVKSVDNDEFNISFIKSNEENKTIEIKDLEIFTRYSWITAFT 
ISWSEPAVITGPTCYLI DVKSVDNDEFNISFIKSNEENKTIEIKDLEIFTRY5WTTAFT 



1630 1640 1650 1660 1670 1680 
. . I I | | I I I I ... I I i 



GNISAAYVEGKSSAEMIVTTLESAPKDPPNNMTFQKIPDEVTKFQLT@LPPSQPNGNIQV 
GNISAAYVEGKSSAEMIVTTLESAPKDPPNNMTFQKIPDEVTKFQLTSLPPSQPNGNIQV 
GNISAAYVEGKSSAEMIVTTLESAPKDPPNNMTFQKIPDEVTKFQLT5LPPSQPNGNIQV 



1690 1700 1710 1720 
• - I I | | I I I . . . 



1730 1740 
. i . i i 



YQALVYREDDPTAVQIHNLSIIQKTNTFVIAMLEGLKGGHTYNISVYAVNSAGAGPKVPM 
YQALVYREDDPTAVQIHNLSIIQKTNTFVIAMLEGLKGGHTYNISVYAVNSAGAGPKVPM 
YQALVYREDDPTAVQIH NLSIIQKTNTFVIAMLEGLKGGHTYNISVYAVWRAflAfiPKVPM 



1726 

686 

1737 



1750 1760 1770 1780 1790 
- ■ 1 I ) I ) I I .... i i 



1800 



RITMDIKAPARPKTKPTPIYDATGKLLVTSTTITIRMPICYYSDDHGPIKNVQVLVTETG 
RITMDIKAPARPKTKPTPIYDATGKLLVTSTTITIRMPICYYSDDHGPIKNVQVLVTETG 
RITMDIKAPARPKTKPTPIYDATGKLLV TSTTITIRMPICYYSDDHGPTFrNVnVT.VTP.Tf; 



1786 

746 

1797 



N0V2a 1 
N0V2b 
N0V2c 



1810 1820 1830 1840 

•_•_!_-. I .... I .... I .... i .... i .... i .. . 



1850 1860 



QHDGNVTKWYDAYFNKARPYFTNEGFPNPPCTEGKTKFSGNEEIYIIGADNACMIPGNE 
AQHDGNVTKWYDAYFNKARPYFTNEGFPNPPCTEGKTKFSGNEEIYIIGADNACMIPGNE 
AQHDGNVTKWYDAYFNKARPYFTNEGFPNPPCTEGKTKFSGNEEIYIIGADNACMIPGNE 



1846 

806 

1857 



NOV2a 
N0V2b 
NOV2c 



NOV2a 
N0V2b 
N0V2c 



N0V2a 



1870 1880 1890 1900 1910 1920 

. • I I | I I I i i . ( i . 



DKICNGPLKPKKQYLFKFRATNIMGQFTDSDYSDPVKTLGEGLSERTWEIILSVTLCIL' 
DKICNGPLKPKKQYLFKFRATNIMGQFTDSDYSDPVKTLGEGLSERTLEP 
DKICNGPLKPKKQYLFK FRATNIMGQFTDSDYSDPVKTT,r:RGT t ^RRTT t F.TTT.qwTT [CTT ^ 



1906 

855 

1917 



1930 



1940 1950 I960 1970 1980 

• • I .... I .... 1 .... I .... I — ,| | . . | 

1962 

855 

LLSY 1977 



IILLGTAIFAFARIRQKQKEGG TYS PQDAE 1 1 DTKLKLDQL IT VADLE LKDERLTR 



iILLGTAIFAFARIRQKQKEGGT YSPODAEIIDTKT.KT.nnT.TTVADLET.KnF.RT.TPi 



1990 2000 2010 2020 2030 



P I SKKS FLQHVEELCT N N N I \ I DEEFSELPKFLQDLSSTDADLPWNRAKNRFPl 



2040 
I 

2017 
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NOV2b 855 

NOV2C BKS11<^SM^^^^^^^^^SS^^^I^^^SEBB^^ 2037 

2050 2060 2070 2080 2090 2100 



Nov2a ^BSSMSS^^^S^^^^S ^M^^^EEBSSSBSBSB 2077 

N0V2b 855 

NOV2c ^s^^^^^ES^^^^^SB^^^ S^^^^BS^B 2097 

2110 2120 2130 2140 2150 2160 

..)....)... , 1 1 . . ; . t 1 ■ — I 1 > — t , ■ > . I 

NOV2a frilAMftiltlWdiMck^ 2137 
NOV2b 855 

NOV2c ^^^^^^^^^si^^3^^^^^^^ ^S^SE^^^B^ 2157 

2170 2180 2190 2200 2210 2220 

— i — .i — t — i ... - 1 — t — i , , . , i , — i — i — r — > > 
NOV2a ^^s^B^SS^^^^Sl^^^^^^^BS^^E SS^^^ESS^ 2197 

NOV2b 855 

NOV2c liitfidMWfabiblM^ 2217 

2230 2240 2250 2260 2270 2280 
| ) 1 | 1 ] ) I I ) I I 

NOV2a ^^^^^^^^^^^^j^^^^^^S^S^SME^^^B^S^^ 2257 
NOV2b 855 

NOV2c ^^^^^^^g^^^^^^^^^^^^^^^g^^^^^^S^^ 2277 

2290 2300 
I — , f I | - - , , 

Nov2a [E23B3EB! B G IS333BSEI 2281 ( SE Q 10 N0: 6 > 

NOV2b 855 {SEQ ID NO: 8) 



NOV2c tfii^&i»fet<i>^giag - BBggllWta|ayaMI 2300 (SEQ ID NO: 10) 



The disclosed NOV2a polypeptide has homology to the amino acid sequences shown 
in the BLASTP data listed in Table 2H. 



Table 2H. BLAST results for NOV2a 


Gene Index/ 
Identifier 


Protein/ Organism 


Length 
(aa) 


Identity 
(%) 


Po 
sitives 
(%) 


Expect 


gi| 12621078 |ref |NP 

075214.11 

(NM_022925) 


protein tyrosine 
phosphatase, 
receptor type, Q 
[Rattus 
norvegicus] 


2302 


1893/2306 
(82%) 


2077/2306 
(89%) 
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gil 125977 |sp|Pl6621 
1 LAR_DROME 


PROTEIN- TYROSINE 

PHOSPHATASE DLAR 

PRECURSOR 

(PROTEIN- 

TYROSINE- 

PHOSPHATE 

PHOS PHOHYDROLAS E ) 


2029 


410/1587 
(25%) 


680/1587 
(42%) 


le-94 


gi 1 10728878 |gb|AAF5 
3837.21 (AE003663) 


Lar gene product 

[Drosophila 

melanogaster] 


2037 


410/1587 
(25%) 


680/1587 
(42%) 


2e-94 


gi|7290546|gb|AAF45 
998.1) (AE003432) 


Ptp4E gene 
product 
[Drosophila 
melanogasterl 


1767 


417/1645 
(25%) 


694/1645 
(41%) 


8e-94 



34 



WO 02/057450 PCT/USO 1/48922 







1767 


416/1645 


693/1645 


le-92 


502 


phosphatase (EC 
3.1,3.48) , 
receptor type 4E, 
splice form A 
precursor - fruit 
fly (Drosophila 
melanogaster) 




(25%) 


(41%) 





The homology between these and other sequences is shown graphically in the 
ClustalW analysis shown in Table 21. In the ClustalW alignment of the N0V2 proteins, as 
well as all other ClustalW analyses herein, the black outlined amino acid residues indicate 
regions of conserved sequence (Le., regions that may be required to preserve structural or 
functional properties), whereas non-higjblighted amino acid residues are less conserved and 
can potentially be altered to a much broader extent without altering protein structure or 
function. 



Table 21. ClustalW Analysis of NOV2 

1) Novel N0V2a (SEQ ID NO: 6) 

2) gi 1 12621078 | ref |NP_075214 . 1 1 (NMJ322925) protein tyrosine phosphatase, receptor 
type, Q [Rattus norvegicus] (SEQ ID NO: 37) 

3) gi 1 125977 I sp | P16621 1 LAR_DR0ME PROTEIN-TYROS INE PHOSPHATASE DLAR PRECURSOR 
( PR0TE IN -TYRO SINE- PHOSPHATE PHOS PH0HYDROLASE ) (SEQ ID NO: 38) 

4) gi!10728878|gb|AAF53837.2! (AE003663) Lar gene product [Drosophila melanogaster] 
(SEQ ID NO: 39) > 

5) gi|7290546|gb|AAF45998.1| (AE003432) Ptp4E gene product [Drosophila 
melanogaster] (SEQ ID NO: 40) 

6) gi 1 1362625 |pir| IA49502 protein-tyrosine-phosphatase (EC 3.1.3.48) f receptor type 
4E, splice form A precursor - fruit fly (Drosophila melanogaster) (SEQ ID NO: 41) 
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Tables 2J-2EE list the domain descriptions from DOMAIN analysis results against 
NOV2a. This indicates that the NOV2a sequence has properties similar to those of other 
proteins known to contain this domain. 



Table 2 J. Domain Analysis of NOV2a 

gnl |Smart|smartOQ194 , PTPc, Protein tyrosine phosphatase, catalytic 
domain (SEQ ID NO: 93) 

CD-Length = 264 residues, 99.6% aligned 
Score - 318 bits (816), Expect « 2e-87 





NOV 1: 


1983 


30 


Sbjct: 


1 




NOV 1: 


2042 




Sbjct: 


60 


35 


NOV 1: 


2102 




Sbjct: 


120 


40 


NOV 1: 


2160 




Sb j ct : 


180 




NOV 1: 


2218 


45 


Sbjct: 


240 



KFQEEFSELPK-FLQDLSSTDADLPWNRAKNRFPNIKPYNNNRVKLIADASVPGSDYINA 2041 

+ 111 +1 + III I I II II 111+ ++ II++ MM Mill II 

GLEEEFEKLQBUjTPDDLSCTVAILPENRDKNRYKDVLPYDHTRVKL-KPPPGEGSDYINA 59 
SYISGYLCPNEFIATQGPLPGTVGDFWRMVWETRAKTLVMLTQCFEKGRIRCHQYWPEDN 2101 

III I I + IIMII1I II 1 1 f I 1 1 1 1 + +1111+ llll +1 Hill 

SYIDGPNRPKAYIATQGPLPSTVEDFWRMVWEEKVPVIVMLTELVEKGREKCAQYWPEKE 119 

KPVTVFGDIVITKLMEDVQIDWTIRDLKIERHG— DCMTVRQCNFTAWPEHGVPENSAPL 2159 

+ 111 +1 + I + 1II !++ I + I ! ++I I l + l I I I 1+ ! 
GGSLTYGDITVTLKSVEKVDDYTIRTLEVTNTGGSETRTVTHYHYTNWPDHGVPESPKSI* 179 

IHFVKLVRASRAH — DTTPMIVHCSAGVGRTGVFIALDHLTQHINDHDFVDIYGLVAELR 2217 

+ i+ ii i++ ++ i++niiinim iii+i i i + 111+ +1 111 

LDLVRAVRKSQSTLRNSGPIWHCSAGVGRTGTFIAIDILLQQLEAGKEVDIFEIVKELR 239 

SERMCMVQNLAQYIFLHQCILDLL 2241 
l + l \\\ UIU++ U+ I 
SQRPGMVQTEEQYIFLYRAILEYL 263 
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gnl I Pf am 1 pf amO 0102 , Y_phosphatase 
ID NO: 94) 

CD-Length » 235 residues, 100.0% aligned 
Score - 275 bits (704), Expect = 2e-74 



Table 2K. Domain Analysis of NOV2a 

Protein-tyrosine phosphatase (SEQ 



10 



15 



NOV 1: 


2008 


Sbjct: 


1 


NOV 1: 


2068 


Sbjct: 


60 


NOV 1: 


2127 


Sbjct: 


120 


NOV 1: 


2184 


Sbjct: 


180 



NRAKNRFPNIKPYITONRVKLIADASVPGSDYINASYISGYLCPNEFIATQGPLPGTVGDF 

1+ 111+ ++ II++ lili IIIIIMI+ II I +1 I I I I I I I 1+ I I 

NKEKNRYKDVLPYDHTRVKL-KPLGDEDSDYINASYVDGYKKPKAYIATQGPLPNTIEDF 



2067 



59 



2126 



WRMVWETRAKTLVMLTQCFEKGRIRCHQYWPEDNKPVTVFGDI-VITECLMEDVQIDWTIR 
I I I I I 1 + + +1 [ I 1+ I I 1 I +1 I I I I I +11 I +1 + l + l + l 

WRMVWEEKVRVIVMLTELVEKGREKCAQYWPEKEGGSLTYGDFTVTCVSVEKKKDDYTVR 119 

DLKIERHGDC--MTVRQCNFTAWPEHGVPENSAPLIHFVKLVRASRAH-DTTPMIVHCSA 2183 

I++ II 11+ ++I 11 + 111 11+ ++ ++ II 1+ I I++IIIII 

TLELTNSGDDETRTVKHYHYTGWPDHGVPESPKSILDLLRKVRKSKGTPDDGPIWHCSA 179 

GVGRTGVFIALDHLTQHINDHDFVDI YGLVAELRSERMCMVQNLAQYI FLHQCILD 2239 
l + l I I I I I l + l I I + I I++ I +1 I l + l III I I I I++ 11 + 

GIGRTGTFIAIDILLQQLEKEGWDVFDTVKKLRSQRPGMVQTEEQYIFIYDAILE 235 



Table 2L. Domain Analysis of NOV2a 

gnl I Smart I smart00404 , PTPc_raotif , Protein tyrosine phosphatase, 
catalytic domain motif (SEQ ID NO: 95) 
CD-Length = 105 residues, 100.0% aligned 
Score - 120 bits (301), Expect = 8e-28 



20 



25 



NOV 1 
Sbjct 
NOV 1 
Sbjct 



2138 TVRQCNFTAWPEHGVPENSAPLIHFVKLVRASRAH — DTTPMIVHCSAGVGRTGVFIALD 2195 

11+ ++I II + IUII+ ++ I++ 1+ I + I++1 1 1 1 1 1 1 1 1 1 1 l + l + l 

1 TVKHYHYTGWPDHGVPESPDSILEFLRAVKKSLNKSANNGPWVHCSAGVGRTGTFVAID 60 

2196 HLTQHI-NDHDFVDI YGLVAELRSERMCMVQNLAQYI FLHQCILD 2239 

11+ I I 1+ +1 I I I l + l I I I I l + l I++ +1 + 

61 I LLQQLEAGTGEVDI FDIVKELRSQRPGAVQTLEQYLFLYRALLE 105 



Table 2M. Domain Analysis of NOV2a 

(SEQ ID NO: 96) 



gnl 1 Pfamj pfam00041 , fn3, Fibronectin type III domain 
CD-Length =86 residues, 100.0% aligned 
Score « 60.8 bits (146), Expect = 8e-10 



30 



35 



NOV 1: 54 PGPPVFLAGERVGSAGILLSWNTPPNPNGRIISYIVKYKEVCPWMQTVYTQVRSKPDSLE 

I I I II + I I 1+ I 1+ I I I I I + J+ I + ++ + 

Sb j ct : 1 PSAPTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQPVNS — GEEWNEITVPGTTTS 

NOV 1: 114 VLLTNLNPGTTYEIKVAAENSAGIGVFS 141 

II I III I I++I MM) 

Sbjct: 59 YTLTGLKPGTE YE VRVQAVNGGGNGPP S 86 



113 



58 
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Table 2N. Domain Analysis of NOV2a 

qnl I Pf am 1 pf amO 0041 , fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length = 86 residues, 95.3% aligned 
Score = 58.9 bits (141) , Expect = 3e-09 



NOV 1: 


659 


SS PQDVEV I DVT ADE I RliKWS PPEKPNGI I IAYEVLYKNI DTLYMKNT STTDIIL 

1 + 1 ++ 1 111+ + 1 llll Ml III 1+ +++ 1 +M 1 


713 


Sbjct: 


2 


SAPTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQPWSGEEWNEITVPGTTTSYTL 


61 


NOV 1: 


714 


RNLRPHTLYNISVRSYTRFGHG 735 
i+l 1 1 + I++ l+l 




Sbjct: 


62 


TGLKPGTEYEVRVQAVNGGGNG 8 3 





Table 20. Domain Analysis of NOV2a 

qnl 1 Pf am | pf 311100041 , fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length =86 residues, 100.0% aligned 
Score =57.0 bits (136), Expect = le-08 



NOV 1: 1330 PDWQNMQCMATSWQSVLVKWDPPKKANGIITQYMVTV ERNSTKVS PQDHMYT 1382 

I 1+ + 1+ + I I I I 1 I I I I II I H 

Sbjct : 1 PSAPTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQPVNSGEEWNEITVPGTTTSYT 60 

NOV 1: 1383 FIKLLANTSYVFKVRASTSAGEGDES 1408 

I I I +1+1 I I I 
Sbjct: 61 LTGLKPGTEYEVRVQAVNGGGNGPPS 86 



Table 2P. Domain Analysis of NOV2a 

qnl | Pf ami pf am00041 , fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length 86 residues, 98.8% aligned 
Score =53.1 bits (126), Expect « 2e-07 



NOV 1: 753 SAPENITYKNISSGEIELSFLPPSSPNGIIQKYTIYLKRSNGNE ERTINTTSLTQNI 809 

111 l+l +++I +11+11 III I + + I I I 1+ 1+ + + 
Sbjct : 2 SAPTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQPVNSGEEWNEITVPGTTTSYTL 61 

NOV 1: 810 KGLKKYTQYI IEVSASTLKGEGVRS 834 

III l+l + I I II I 
Sbjct: 62 TGLKPGTEYEVRVQAVNGGGNGPPS 86 



Table 2Q. Domain Analysis of NOV2a 



qnl 1 Pf am I pf amOOO 4 1 , fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length « 86 residues, 95.3% aligned 
Score = 52.4 bits (124), Expect = 3e-07 



NOV 1: 848 SPPQDFSVKQLSGVTVKLSWQPPLEPNGIILYYTVYVWR SSLKTINV — -TETSLEL 901 

I I + +1 ++ ++ I I I I I + I I I M M Ml I 

Sb j ct : 2 SAPTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQPVNSGEEWNEITVPGTTTSYTL 61 



NOV 1: 902 SDLDYNVEYSAYVTASTRFGDG 923 

+1 II II |+| 

Sbjct: 62 TGLKPGTEYEVRVQAVNGGGNG 83 
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Table 2R. Domain Analysis of NOV2a 

gnl 1 Pf am I pf amO 0041 , fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length =86 residues, 91.9% aligned 
Score =51.6 bits (122), Expect = 5e-07 



NOV 1: 1148 TFKNLSSTSVLLSWDPPVKPNGAIISYDLTLQGPNENYSFIT SDNYIILEELSPF 1202 

I +++I I 1+ I I I I I I I I I++ I | + + IM 

Sbjct : 8 TVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQPVNSGEEWNEITVPGTTTSYTLTGLKPG 67 

NOV 1: 1203 TLYSFFAAARTRKGLGPSS 1221 

I I i I II I 

Sbjct: 68 TEYEVRVQAVNGGGNGPPS 86 



Table 2S. Domain Analysis of NOV2a 

gnl|Pfam|pfamQ0041 > fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length = 86 residues, 94.2% aligned 
Score =51.2 bits (121), Expect - 6e-07 



NOV 1: 1235 PPQNLTLINCTSDFVWLKWSPSPLPGGIVKVYSFK-IHEHETDTIYYKNISGFKTEAKLV 1293 

I M 1+ + I I + I I I I I l+|+ ++ +|| | 

Sb j Ct : 3 APTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVE YQPVNSGEEWNEITVPGTTTSYTLT 62 

NOV 1: 1294 GLEPVSTYSIRVSAFTKVGNG 1314 

I I + l + I +1 I I III 
Sbjct: 63 GLKPGTEYEVRVQAVNGGGNG 83 



Table 2T. Domain Analysis of NOV2a 

gnl 1 Pf am | pf amO 0041 , fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length » 86 residues, 100,0% aligned 
Score = 49.7 bits (117), Expect - 2e-06 



NOV 1: 1420 PSVPTNIAFSDVQSTSATLTWIRPDTILGYFQNYKITTQLRAQKCKEWESEECVEYQKIQ 1479 

I I I I 1+ +1 I | | j I | + | | | I++ | I)) 
Sbjct : 1 PSAPTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQ PVNSGEEWNEITV — 52 

NOV 1: 1480 YLYEAHLTEETVYGLKKFRWYRFQVAASTNAGYGNAS 1516 

I 1+ I I I I +1 I Ml 

Sbjct: 53 PGTTT S YTLTGLKPGTEYEVRVQAVNGGGNGPPS 86 



Table 2U. Domain Analysis of NOV2a 

gnl|Pfam[pfam0Q041, fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length - 86 residues, 98.8% aligned 
Score =47.4 bits (111), Expect - 9e-06 



NOV 1: 940 DPPKDVYYANLSSSSIILFWTPPSKPNGIIQYYSVYYRNT-SGTFMQNFTLHEVTNDFDN 998 

I ++ +++I+I+ 1 1+11 II I I I 1+ II |+| 
Sbjct : 2 SAPTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQPVNSGEEWNEITVPGTTT 57 

NOV 1: 999 MT VS T 1 1 DKLT I FS Y YT FWLTAST S VGNGNKS 1030 
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I + I + I + I III I 
Sbjct: 58 SYTLTGLKPGTEYEVRVQAVNGGGNGPPS 86 



Table 2V. Domain Analysis of NOV2a 

cmllPfamlpfam00041 f fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length «= 86 residues, 91.9% aligned 
Score = 47.0 bits (110), Expect = le-05 



NOV 1: 
Sbjct: 


1530 
2 


GPPENVHWATS PFS IS I SWSEPAVITGP-TCYLI DVKS VDNDEFNIS FIKSNEENKTIE 

1 1+ 1 + |+++| Ml | | | | ++ + |++ I + 
SAPTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQPVNSGEEVWEITVPGTTT-SYT 


1588 
60 


NOV 1: 


1589 


IKDLEIFTRYSWITAFTGN 1608 




Sbjct: 


61 


+ 1+ 1 1 1 + 1 1 
LTGLKPGTEYEVRVQAVNGG 8 0 





Table 2W. Domain Analysis of NOV2a 

qnl|Pfam|pfam00041 # fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length =86 residues, 96.5% aligned 
Score = 46.6 bits (109), Expect = 2e-05 



15 


NOV 1: 
Sbjct: 


1633 
2 


DPPNNMTFQKI PDEVTKFQLTFLPPSQPNGNIQVYQALVYREDDPTAVQIHNLSI IQKTN 

1 l + l + 1 !++ 1 1 1 1 1 1 + + + + 
SAPTNLTVTDVTS— TSLTLSWSPPPDGNGPITGYEVEYQPVNSGEEWNBITVPGTTTS- 


1692 
58 




NOV 1: 


1693 


TFVIAMLEGLKGGHT YNI SVYAVNSAGAGP 1722 




20 


Sbjct: 


59 


I ill 1 1 + 1 III 1 II 
YTLTGLKPGTEYEVRVQAVNGGGNGP 8 4 





Table 2X. Domain Analysis of NOV2a 

gnl 1 Pf am | pf am00041 , fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length = 86 residues, 98.8% aligned 
Score =44.7 bits (104), Expect = 6e-05 



25 



NOV 1: 303 GPPQNCVTGNITGKSFSILWDPPTIVTGKFS-YRVELY GPSAGRILDNSTKDLKFAF 358 

II ++I I ++ I I I I + I I I + + 

Sbjct: 2 SAPTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQPVNSGEEWNEITVPGTTTSYTL 61 



NOV 1: 359 TNLTPFTMYDVYIAAETSAGTGPKS 383 

I I I I l + l + I I I I I 
Sbjct: 62 TGLKPGTEYEVRVQAVNGGGNGPPS 86 



30 



Table 2Y. Domain Analysis of NOV2a 



gnHPfam|pfam00041 , fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length = 86 residues, 100.0% aligned 
Score = 43.1 bits (100), Expect = 2e-04 



NOV 1: 561 PLS AQNFRVTHVT XTEVFLHWDPPDPVF — FHHYLITILDVENQSKS I ILRTLNSLSLVL 618 

I + I II III + I I II 1+ I + + + + + 

Sbjct : 1 PSAPTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQPVNSGEEWNEITVPGTTTSYT 60 
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NOV 1: 619 I-GLKKYTKYKMRVAASTHVGESSLS 643 

+ 111 I + II I I 
Sbjct: 61 LTGLKPGTEYEVRVQAVNGGGNGPPS 86 



Table 2Z. Domain Analysis of NOV2a 

gnl | Pf am | p famO 0041 , fn3, Fibronectin type III domain (SEQ ID NO: 96) 
CD-Length =86 residues, 93.0% aligned 
Score = 38.5 bits (88), Expect = 0.004 



NOV 1: 1047 VGNLTYESISSTAINVSWVPPAQPNGLVFYY-VSLILQQTPRHVRPPLVT-YERSIYFDN 1104 

Ml ++M++ +|| || II + I I + | | 

Sbj ct : 4 PTNLTVTDVTSTSLTLSWSPPPDGNGPITGYEVEYQPVNSGEEWNEITVPGTTTSYTLTG 63 

NOV 1: 1105 LEKYTDYILKITPSTEKGFS 1124 

1+ l+l +++ I 
Sbjct: 64 LKPGTEYEVRVQAVNGGGNG 83 



Table 2AA. Domain Analysis of NOV2a 

gnl | Smart I smart00060 , FN3, Fibronectin type 3 domain; One of three 
types of internal repeat within the plasma protein, fibronectin. The 
tenth fibronectin type III repeat contains a RGD cell recognition 
sequence in a flexible loop between 2 strands. Type III modules are 
present in both extracellular and intracellular proteins. (SEQ ID 
NO: 97) 

CD-Length = 83 residues, 96.4% aligned 
Score = 54.7 bits (130), Expect - 6e-08 



NOV 1: 54 PGPPVFLAGERVGSAGILLSWNTPPNP-NGRIISYIVKYKEVCPWMQTVYTQVRSKPDSL 112 

III I I I + I I I 11+ I 1+ I l + l + l l+l + 
Sbj ct : 1 PSPPSNLRVTDVTSTSVTLSWEPPPDDITGYIVGYRVEYREEGEWKEVNVTP SSTT 56 

NOV 1: 113 E VLLTNLN PGTT YE I KVAAEN SAG 136 

II I III I I +1 I 1 
Sbjct: 57 S YT LTGLKPGTEYE FRVRAVNGEA 80 



Table 2BB. Domain Analysis of NO V2a 

gnl | Smart 1 smart00060 , FN3, Fibronectin type 3 domain; One of three 
types of internal repeat within the plasma protein, fibronectin. The 
tenth fibronectin type III repeat contains a RGD cell recognition 
sequence in a flexible loop between 2 strands. Type III modules are 
present in both extracellular and intracellular proteins. (SEQ ID 
NO: 97) 

CD-Length - 83 residues, 92.8% aligned 
Score - 52.8 bits (125), Expect - 2e-07 



NOV 1: 659 S S PQDVEVI DVT ADE I RLKWS P PEKP-NGI 1 1 AYEVLYKN I D TLYMKNTSTTDIILR 714 

I I ++ I I I 1+ + I I I I 11+111+ + + +1 I I | 

Sbj ct : 2 SPPSNLRVTDVTSTSVTLSWEPPPDDITGYIVGYRVEYREEGEWKEVNVTPSSTTSYTLT 61 

NOV 1: 715 NLRPHTLYNI SVRS YTR 731 

l+l I I ||+ 
Sbjct: 62 GLKPGTEYEFRVRAVNG 78 



47 



WO 02/057450 



PCT/US01/48922 



Table 2CC. Domain Analysis of NOV2a 

qrrti I Smart 1 5ittart0Q060 , FN3, Fibronectin type 3 domain; One of three 
types of internal repeat within the plasma protein, fibronectin. The 
tenth fibronectin type III repeat contains a RGD cell recognition 
sequence in a flexible loop between 2 strands. Type III modules are 
present in both extracellular and intracellular proteins. (SEQ ID 
NO: 97) 

CD-Length - 83 residues, 94.0% aligned 
Score =45.4 bits (106), Expect = 3e-05 



NOV 1: 1235 PPQNLTLINCTSDEVWLKWSPSPLPGGIVKVYSFKIHEHETDTIYYKNISGFKTEAKLVG 1294 

II II ++ II I I I I I 1 +1+ III 

Sbjct: 3 PPSNLRVTDVTSTSVTLSWEPPPDDITGYIVGYRVEYREEGEWKEVNVTPSSTTSYTLTG 62 

NOV 1: 1295 LEPVST YS IRVS AFTKVG 1312 

1+1 +1 III 
Sbjct: 63 LKPGTE YE FRVRAVNGEA 80 



Table 2DD. Domain Analysis of NOV2a 

gnl | Smart I smartOQ060 , FN 3, Fibronectin type 3 domain; One of three 
types of internal repeat within the plasma protein, fibronectin. The 
tenth fibronectin type III repeat contains a RGD cell recognition 
sequence in a flexible loop between 2 strands. Type III modules are 
present in both extracellular and intracellular proteins. (SEQ ID 
NO: 97) 

CD- Length = 83 residues, 100.0% aligned 
Score =42.7 bits (99),, Expect « 2e-04 



NOV 1: 


561 


PLSAQNFRVTHVTITEVFLHWDPPDPVFFHHYLITILDVENQSKSIILRTLNS— LSLVL 


618 






1 1 i 1 1 1 i I 1 I l+l 1 + + ++ + + + I II 




Sbjct: 


1 


PSPPSNLRVTDVTSTSVTLSWEPPPDDITGYIVGYRVEYREEGEWKEVNVTPSSTTSYTL 


60 


NOV 1: 


619 


I G LKKYTK YKMRV AAS THVGE S S 64 1 








III 1+1+ II 1 




Sbjct: 


61 


TGLKPGTE YE FRVRAVNGE AGEG 83 





Table 2EE. Domain Analysis of NOV2a 

gnl I Smart | smart00060 , FN3, Fibronectin type 3 domain; One of three 
types of internal repeat within the plasma protein, fibronectin. The 
tenth fibronectin type. Ill repeat contains a RGD cell recognition 
sequence in a flexible loop between 2 strands. Type III modules are 
present in both extracellular and intracellular proteins. (SEQ ID 
NO: 97) 

CD-Length = 83 residues, 92.8% aligned 
Score =41.2 bits (95), Expect = 7e-04 



NOV 1: 
Sb j ct : 


848 

2 


SPPQDFSVKQLSGVTVKLSWQPPLEP-NGIILYYTVYVWRSS LKT IN VTETSLELS 

in + i ++ +i 1 1 i+i i + i i+ i i + +111+ 

SPPSNLRVTDVTSTSVTLSWEPPPDDITGYIVGYRVEYREEGEWKEVNVTPSSTTSYTLT 


902 
61 


NOV 1: 


903 


DLDYNVEYSAYVTASTR 919 




Sbjct: 


62 


1 II 1 1 
GLKPGTEYEFRVRAVNG 78 
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Receptor tyrosine phosphatases (rPTPs) are part of the signaling cascades that control 
cell survival, proliferation and differentiation. The novel protein tyrosine phosphatase 
described in the application contains a phosphatase domain and thirteen fibronectin type HI 
repeats. It closely resembles rPTP-GMCl, a rat membrane phosphatase that is expressed in 
5 kidney glomerulus and is upregulated in response to kidney injury ( Wright et.al. J Biol Chem 
1998 Sep 1 1 ;273(37):23929-37). Tissue specificity of PTPs varies widely ; for eg rPTP-GMCl 
is expressed by mesangial cells in the kidney while GLEPP1 (another membrane phosphatase) 
is expressed by podocytes in the kidney ( Thomas et. al. ; J Biol Chem 1994 Aug 
5;269(31):19953-62). Tappia et. al. demonstrated expression of a PTP in the liver could 

10 regulate the activity of the insulin and EGF receptors (Tappia et. al; Biochem J 1993 May 

15;292 ( Pt 1):1-5).A number of phosphatases have been demonstrated to play a role in cancer, 
for eg. PTP zeta; a membrane phosphatase; is expressed in brain and is also expressed by a 
glioblastoma cell line (Krueger et. al.; Proc Natl Acad Sci U S A 1992 Aug 15;89(16):7417- 
21); rPTP alpha is expressed in breast tumors and correlates with tumor grade (Ardirii et. al.; 

15 Oncogene 2000 Oct 12;19(43):4979-87). This phosphatase (rPTP alpha) is also expressed by 
human prostate cancer cell lines, oral squamous cell carcinoma and was correlated with 
histological grade of the oral tumor (Zelivianski et. al.; Mol Cell Biochem 2000 May;208(l- 
2):1 1-8; Berndt et al.; Histochem Cell Biol 1999 May; 1 1 l(5):399-403). PTP-1B has been 
suggested to play arole in diabetes and obesity ( Kennedy et. al.; Biochem Pharmacol 2000 

20 Oct 1 ;60(7):877-83) whle mutations in a PTP named EPM2A have been suggested as the 

cause of Lafora's disease ( and autosomal recessive form of progressive myoclonus epilepsy) ( 
Minassian et. al. Nat Genet 1998 Oct;20(2): 171-4). Given the wide ranging effects of this 
family of proteins , we hypothesize that the novel protein described in this application plays a 
role in cancer, neurological, immune and metabolic diseases. 

25 The disclosed NOV2 nucleic acid of the invention encoding a Protein tyrosine 

phosphatase precursor-like protein includes the nucleic acid whose sequence is provided in 
. Table 2A, 2C, or 2E or a fragment thereof. The invention also includes a mutant or variant 
nucleic acid any of whose bases may be changed from the corresponding base shown in Table 
2A, 2C, or 2E while still encoding a protein that maintains its Protein tyrosine phosphatase 

30 precursor like activities and physiological functions, or a fragment of such a nucleic acid. The 
invention further includes nucleic acids whose sequences are complementary to those just 
described, including nucleic acid fragments that are complementary to any of the nucleic acids 
just described. The invention additionally includes nucleic acids or nucleic acid fragments, or 
complements thereto, whose structures include chemical modifications. Such modifications 
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include, by way of nonlimiting example, modified bases, and nucleic acids whose sugar 
phosphate backbones are modified or derivatized. These modifications are carried out at least 
in part to enhance the chemical stability of the modified nucleic acid, such that they may be 
used, for example, as antisense binding nucleic acids in therapeutic applications in a subject. 
5 In the mutant or variant nucleic acids, and their complements, up to about 16 percent of the 
bases may be so changed. 

The disclosed NOV2 protein of the invention includes the Protein tyrosine phosphatase 
precursor-like protein whose sequence is provided in Table 2B, 2D, or 2F. The invention also 
includes a mutant or variant protein any of whose residues may be changed from the 

10 corresponding residue shown in Table 2B, 2D, or 2F while still encoding a protein that 
maintains its Protein tyrosine phosphatase precursor-like activities and physiological 
functions, or a functional fragment thereof. In the mutant or variant protein, up to about 18 
percent of the residues maybe so changed. 

The invention further encompasses antibodies and antibody fragments, such as F a b or 

1 5 (Fab)2, that bind immunospecifically to any of the proteins of the invention. 

The above defined information for this invention suggests that this Protein tyrosine 
phosphatase precursor-like protein (NOV2) may function as a member of a "Protein tyrosine 
phosphatase precursor family". Therefore, the NOV2 nucleic acids and proteins identified here 
may be useful in potential therapeutic applications implicated in (but not limited to) various 

20 pathologies and disorders as indicated below. The potential therapeutic applications for this 
invention include, but are not limited to: protein therapeutic, small molecule drug target, 
antibody target (therapeutic, diagnostic, drug targeting/cytotoxic antibody), diagnostic and/or 
prognostic marker, gene therapy (gene delivery/gene ablation), research tools, tissue 
regeneration in vivo and in vitro of all tissues and cell types composing (but not limited to) 

25 those defined here. 

The NOV2 nucleic acids and proteins of the invention are useful in potential 
therapeutic applications implicated in cancer including but not limited to various pathologies 
and disorders as indicated below. For example, a cDNA encoding the Protein tyrosine 
phosphatase precursor-like protein (NOV2) may be useful in gene therapy, and the Protein 

30 tyrosine phosphatase precursor -like protein (NOV2) may be useful when administered to a 
subject in need thereof. By way of nonlimiting example, the compositions of the present 
invention will have efficacy for treatment of patients suffering from cancer, kidney cancer, 
trauma, regeneration (in vitro and in vivo), vira^acterial/parasitic infections, nephrological 
disesases including diabetes, autoimmune disease, renal artery stenosis, interstitial nephritis, 
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glomerulonephritis, polycystic kidney disease, systemic lupus erythematosus, renal tubular 
acidosis, IgA nephropathy, hypercalcemia, Lesch-Nyhan syndrome, Hirschsprung's disease , 
Crohn's Disease, appendicitis, or other pathologies or conditions. The NOV2 nucleic acid 
encoding the Protein tyrosine phosphatase precursor-like protein of the invention, or fragments 
5 thereof, may further be useful in diagnostic applications, wherein the presence or amount of 
the nucleic acid or the protein are to be assessed. 

NOV2 nucleic acids and polypeptides are further useful in the generation of antibodies 
that bind immuno-specifically to the novel NOV2 substances for use in therapeutic or 
diagnostic methods. These antibodies may be generated according to methods known in the 

10 art, using prediction from hydrophobicity charts, as described in the "Anti-NOVX Antibodies" 
section below. The disclosed NOV2 proteins have multiple hydrophilic regions, each of 
which can be used as an immunogen. In one embodiment, a contemplated NOV2 epitope is 
from about amino acids 1 to 100. In another embodiment, a NOV2 epitope is from about 
amino acids 200 to 300. In further embodiments, a NOV2 epitope is from about amino acids 

15 450 to 500, from about amino acids 600 to 900, from about amino acids 950 to 1000, from 
about amino acids 1200 to 1300, from about amino acids 1400 to 1600, from about amino 
acids 1800 to 1900, from about amino acids 1950 to 2050, and from about amino acids 2200 to 
2300. These novel proteins can be used in assay systems for functional analysis of various 
human disorders, which will help in understanding of pathology of the disease and 

20 development of new drug targets for various disorders. 

NOV3 

A disclosed NOV3 nucleic acid of 4538 nucleotides (also referred to as 
134899552JBXT) encoding a novel human homolog of the Drosophila pecanex-like protein is 
shown in Table 3 A. An open reading frame was identified beginning with an ATG initiation 
25 codon at nucleotides 101-103 and ending with a TGA codon at nucleotides 4439-4441. A 
putative untranslated region upstream from the initiation codon and downstream from the 
termination codon is underlined in Table 3 A, and the start and stop codons are in bold letters. 



Table 3A. NOV3 nucleotide sequence (SEQ ID NO:ll). 

CATG AAGGAAAAATTCTGAGTATTCTAATGGCTTTTT AAAATAATCATTTATT TGCTAGGT AAGTTCT CTTC 
T ACGCTGT AT GAG ACT GGTGGC TGTGATA TGT CAC T T GTGAAT TT TGAACCAGCAGCAAGAAGAGCAT CC AA 
TATCTGGGACACAGATTCTCATGTATCCAGTTCTACCTCAGTTCGATTTTATCCACATGATGTGATTCGATT 
GAATAGACTATTGACCATTGATACAGATTTGTTGGAGCAACAGGACATTGATCTAAGCCCTGACTTGGCAGC 
TACTTACGGCCCAACAGMGAAGCTGCCCAAAAGGTTAAACACTATTATCGCTTTTGGATCCTACCCCAGCT 
GTGGATTGGCATTAACTTTGACAGACTCACACTTTTGGCCCTGTTTGATAGGAATCGTGAGATCCTGGAAAA 
TGTGTTAGCTGTCATCCTGGCTATTCTCGTGGCCTTTTTGGGATCTATTCTTCTCATACAAGGATTCTTCAG 
AGATATCTGGGTCTTCCAGTTCTGCCTCGTCATAGCCAGCTGTCAATACTCACTGCTTAAGAGTGTTCAACC 
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agattcttcttctcccagacatggtcataatcgtatcattgcctacagtagaccagtttatttctgcatatg 
ttgcggtcttatttggctcttggattatggtagcagaaacctgactgcaaccaagttcaaattatatggaat 
aactttcaccaatccactggtgtttatatcagccagggatttagttatagtgtttacactctgtttcccaat 
agtgtttttcattggtctcctgcctcaggtgaatacatttgtaatgtacctttgtgaacaattggatattca 
tatttttggtggtaatgccactacaagcctgcttgcagcactttacagttttatctgtagcattgttgcagt 
agccttattgtatggattatgttatggggctttacaggattcttgggatggccagcatattccagtactttt 
ctccattttttgtggtttattagtggcagtgtcttaccatctcagccgacaaagcagtgatccatctgtact 
tagctctttagtgcaatccaagatttttccaaaaacggaagagaaaaatccagaagaccctctatctgaagt 
aaaagatccactgcctgaaaaacttagaaattctgttagtgagcgattacagtctgacctggtagtatgcat 
tgtaattggtgtgctgtattttgctattcatgtaagcacagtcttcacagtattgcagcctgccctcaagta 
tgtgttgtatacattggttggctttgtgggttttgtaacccattatgtgctgcctcaagttagaamcagct 
accatggcactgtttctctcatcctctgct7\aagacactagagtataatcagtatgaagttcgagatgcagc 
cactatgatgtggtttgagaaacttcatgtgtggcttctttttgtggagaagaatataatctatccattgat 
tgttctcaatgaactgagcagcagtgcagagacaattgctagtccaaagaaactgaatacagagttaggtgc 
tttaatgatcactgttgctggtttgaagttgctacgatcctcttttagcagccctacatatcagtatgttac 
agtcatctttactgtgctgtttttcaaatttgactatgaagctttttcagagaccatgctgttggatctctt 
ctttatgtccatactcttcaacaagctttgggaactactttataaattgcagtttgtgtatacctatattgc 
cccatggcagatcacatggggttctgctttccatgcttttgctcagccttttgcagtgcctcgttcagccat 
gctgtttattcaggctgctgtctcggccttcttctctactccactgaacccctttctgggaagtgcaatatt 
catcacttcatatgtccgacctgtgaaattctgggagagagactatagcacaaaacgagtggatcattcaaa 
taccag attggctt cccagctt gat agaaatc caggtt cagatgacaacaat ctgaat t ccat ctt tt atga 
gcatttaactagatccctacagcacagcctctgtggtgatttgctactaggacggtggggaaactacagtac 
aggggactgtttcatccttgcctctgactatctcaatgcattagtacaccttatagagataggcaatggtct 
ggtcacttttcagctgcggggacttgaattcagaggtacctactgtcaacaacgggaagtggaggccattac 
tgaaggtgtagaggaagatgaaggattttgctgttgtgaacctggccatattcctcacatgctttcatttaa 
tgctgcatttagccagcgatggctagcttgggaagtgatagtcacaaagtacattctggagggttatagcat 
cactgataacagtgctgcttctatgcttcaagtctttgatcttcggaaagtactcaccacttactatgtcaa 
gggtat cat t tatt atgtt acg ac ct cgt ct aag ct ag aggagtgg ct agct aat g agacaat gcagg aagg 
acttcgtctgtgtgctgatcgcaattatgtcgatgtggacccgacctttaatccaaacattgatgaagacta 

TGACCACCGACTGGCAGGCATATCTAGGGAGAGTTTCTGTGTGATTTACCTCAACTGGATAGAGTACTGCTC 
TTCCCGAAGAGCAAAGCCTGTGGATGTGGACAAAGATTCATCCCTAGTGACTCTCTGTTATGGACTCTGTGT 
TCTGGGACGGAGAGCTTTGGGGACTGCATCCCATCATATGTCCAGTAATTTAGAGTCATTCCTCTATGGATT 
GCATGCCCTATTTAAAGGAGATTTCCGTATTTCTTCAATTCGAGATGAATGGATCTTTGCTGACATGGAATT 
GCTAAGAAAAGTAGTAGTCCCTGGGATCCGTATGTCCATTAAACTTCATCAGGATCATTTTACTTCTCCAGA 
TGAATATGATGACCCTACTGTGCTCTATGAAGCCATAGTATCTCATGAGAAGAACCTCGTAATAGCCCATGA 
AGGGGACCCTGCATGGCGGAGTGCAGTACTTGCCAACTCTCCCTCCTTGCTTGCTCTGCGGCATGTCATGGA 
TGATGGCACCAATGAATATAAAATCATCATGCTCAACAGACGCTACCTGAGCTTCAGGGTCATTAAAGTGAA 
TAAGGAATGTGTCCGAGGTCTTTGGGCAGGGCAACAGCAGGAGCTTGTTTTTCTACGTAACCGTAACCCAGA 
GAGAG GTAG C ATCC AAAAT GCAAAGCAAGCCCTGAGAAACAT GATAAACT CATCTTG T GAT CAACC TAT TGG 
CT AC CCAAT CT TTGT CT CACCC CTGACAACTT CTT ACT CTGACAGCCACGAAC AGCT TAAAGACAT TCT TGG 
GGGTCCTATCAGCTTGGGAAATATCAGGAACTTCATAGTGTCAACCTGGCACAGGCTTAGGAAAGGTTGCGG 
AGCTGGATGTAACAGTGGTGGCAATATTGAAGATTCTGATACTGGAGGTGGGACTTCCTGCACTGGTAACAA 
TGCAACAACTGCCAACAATCCCCACAGCAACGTGACCCAGGGAAGCATTGGAAATCCTGGGCAGGGATCAGG 
AACTGGACTCCACCCACCTGTCACATCTTATCCTCCAACACTAGGTACTAGCCACAGCTCTCACTCTGTGCA 
GTCGGGCCTGGTCAGACAGTCTCCTGCCCGGGCCTCAGTAGCCAGCCAGTCTTCCTACTGCTATAGCAGCCG 
GCATTCATCCCTCCGGATGTCCACCACTGGGTTTGTGCCTTGTCGGCGCTCTTCTACTAGTCAGATATCGCT 
TCGAAACTTGCCATCATCCATCCAATCCCGACTGTCGATGGTGAACCAAATGGAACCCTCAGGTCAGAGCGG 
CCTGGCCTGTGTGCAGCACGGCCTGCCTTCCTCCAGCAGCTCCAGCCAAAGCATCCCAGCCTGCAAACATCA 
CACTCTCGTGGGCTTTCTTGCGACAGAGGGAGGTCAGAGCAGTGCCACTGATGCACAGCCAGGCZ^ACACCTT 
AAGTCCTGCCAACAATTCACACTCCAGAAAGGCAGAAGTGATTTACAGAGTCCAAATTGTGGATCCCAGTCA 
AATTCTGGAAGGGATCAACCTGTCTAAAAGGAAAGAGCTACAGTGGCCTGATGAAGGAATCCGGTTAAAAGC 
TGGGAGAAATAGCTGGAAAGACTGGAGTCCGCAGGAGGGCATGGAAGGCCATGTGATTCACCGATGGGTGCC 
TTGCAGCAGAGATCCAGGTACCAGATCCCACATCGACAAGGCAGTGCTTCTGGTCCAGATTGATGATAAATA 
TGT GACTGT AATT G AAACTGGGGT ACTAGAACTTGGGGCTGAAGTGTG AGC CAGTGT TTAT TAT AAAG ACAT 
T T CT T T TT CCCT CTCAAT T C CAAGGCATT GGAAAAAGAGAGGAACAAGC AG AAG ATG CCT GCAG GT AT CACT 
TT * " ~ 



The disclosed NOV3 nucleic acid sequence, localized to chromsome 14, has 2277 of 
2283 bases (99%) identical to a gb:GENBANK-ID:AB018348|acc:AB018348.1 mRNA from 
Homo sapiens {Homo sapiens mRNA for KIAA0805 protein, partial cds) (E = 0.0). 
5 A NOV3 polypeptide (SEQ ID NO: 12) encoded by SEQ ID NO: 1 1 has 1446 amino 

acid residues and is presented using the one-letter code in Table 3B. Signal P, Psort and/or 
Hydropathy results predict that NOV3 does not contain a signal peptide and is likely to be 
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localized to the plasma membrane with a certainty of 0.8000. In other embodiments, NOV3 
may also be localized to the mitochondrial inner membrane with a certainty of 0.4714, the 
Golgi body with a certainty of 0.4000, or the endoplasmic reticulum (membrane) with a 
certainty of 0.3000. 



Table 3B. Encoded NOV3 protein sequence (SEQ ID NO:12). 

MSLVNFEPAARRASNIWDTDSHVSSSTSVRFYPHDVIRLNRLLTIDTDLLEQQDIDLSPDLAATYGPTEEAA 
QKVKHYYRFWILPQLWIGINFDRLTLLALFDRNREILENVLAVILAILVAFLGSILLIQGFFRDIWVFQFCL 
VIASCQYSLLKSVQPDSSSPRHGHNRIIAYSRPVYFCICCGLIWLLDYGSRNLTATKFKLYGITFTNPLVFI 
SARDLVIVFTLCFPIVFFIGLLPQVNTFVMYLCEQLDIHIFGGNATTSLLAALYSFICSIVAVALLYGLCYG 
ALQDSWDGQHIPVLFSIFCGLLVAVSYHLSRQSSDPSVLSSLVQSKIFPKTEEKNPEDPLSEVKDPLPEKLR 
NSVSERLQSDLWCIVIGVLYFAIHVSTVFTVLQPALKYVLYTLVGFVGFVTHYVLPQVRKQLPWHCFSHPL 
LKTLE YNQYEVRDAATMMWFEKLHVWLLFVEKNI I YPLI VLNELSS SAETIAS PKKLNTELGALMITVAGLK 
LLRSSFSSPTYQYVTVIFTVLFFKFDYEAFSETMLLDLFFMSILFNKLWELLYKLQFVYTYIAPWQITWGSA 
FHAFAQPFAVPRSAMLFIQAAVSAFFSTPLNPFLGSAIFITSYVRPVKFWERDYSTKRVDHSNTRLASQLDR 
NPGSDDNNLNSIFYEHIiTRSLQHSLCGDLLLGRWGNYSTGDCFILASDYLNALVHLIEIGNGLVTFQLRGLE 
FRGT YCQQREVEAITEGVEEDEGFCCCEPGHI PHMLSFNAAFSQRWLAWEVIVTKYILEGYSITDN SAASML 
QVFDLRKVLTTYYVKGIIYYVTTSSKLEEWLANETMQEGLRLCADRNYVDVDPTFNPNIDEDYDHRLAGISR 
ESFCVIYLNWIEYCSSRRAKPVDVDKDSSLVTLCYGLCVLGRRALGTASHHMSSNLESFLYGLHALFKGDFR 
ISSIRDEWIFADMELIiRKVWPGIRMSIKLHQDHFTSPDEYDDPTVLYEAIVSHEKNLVIAHEGDPAWRSAV 
LAN SP SLIALRHVMDDGTNE YKI IMLNRRYLS FRVIKVNKECVRGLWAGQQQE LVFLRNRNPERGS IQNAKQ 
ALRNMINSSCDQPIGYPIFVSPLTTSYSDSHEQLKDILGGPISLGNIRNFIVSTWHRLRKGCGAGCNSGGNI 
EDSDTGGGTSCTGNNATTANNPHSNVTQGSIGNPGQGSGTGLHPPVTSYPPTLGTSHSSHSVQSGLVRQSPA 
RASVASQSSYCYSSRHSSLRMSTTGFVPCRRSSTSQISLRNLPSSIQSRLSMVNQMEPSGQSGLACVQHGLP 
SSSSSSQSIPACKHHTLVGFIATEGGQSSATDAQPGNTLSPANNSHSRKAEVIYRVQIVDPSQILEGXNLSK 
RKELQWPDEGIRLKAGRNSWKDWSPQEGMEGHVIHRWVPCSRDPGTRSHIDKAVLLVQIDDKYVTVIETGVL, 
ELGAEV 



The disclosed NOV3 amino acid sequence has 1355 of 1446 amino acid residues 
(93%) identical to, and 1409 of 1446 amino acid residues (97%) similar to, the 1446 amino 
acid residue ptnr:SPTREMBL-ACC:Q9QYCl protein from Miis musculus (Mouse) 

10 (PECANEX1)(E = 0.0). 

NOV3 is expressed in at least Pancreas, Parathyroid Gland, Thyroid, Mammary 
gland/Breast, Ovary, Placenta, Uterus, Colon, Liver, Bone Marrow, Lymphoid tissue, Spleen, 
Tonsils, Prostate, Testis, Brain, Lung, and Kidney . This information was derived by 
determining the tissue sources of the sequences that were included in the invention including 

15 but not limited to SeqCalling sources, Public EST sources, Literature sources, and/or RACE 
sources. 

In addition, NOV3 is predicted to be expressed in Homo sapiens heart, melanocyte, B- 
cells, larynx, skin, CNS, and multiple sclerosis lesions because of the expression pattern of the 
following sequences (which are publicly availabel ESTS for the sequence of the invention) 
20 AB018348,BE881203, BE867469, BE867415, AB007895, NMJH4801, U74315, 
BE880986, W500099, AW250617, AA426168, AW246742, AA284182, W46420, 
H14491, Z44921, BE930588, AI922381, AI215559, AA923742, AA582883, BE797814, 
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N75143, BE049421, F07632, BE797239, AI168579, AV653955, BE065657, AL079849, 
and BE767656, closely related Homo sapiens mRNA for KIAA proteins, partial cds homolog. 

NOV3 also has homology to the amino acid sequences shown in the BLASTP data 
listed in Table 3C. 



Table 3C. BLAST results for NOV3 



Gene Index/ 
Identifier 


Protein/ 
Organism 


Length 
(aa) 


Identity 
(%) 


Positives 
(%) 


Expect 


ref|XP 027243.11 
(XM_027243) 


hypothetical 
protein 
XPJ327243 
[Homo 
sapiens] 


619 


619/619 
(100%) 


619/619 
(100%) 


0.0 


gi|15076843|gb|AAK8 
2958.1 I AF233450_1 
(AF233450) 


pecanex-like 
protein 1 
[Homo 
sapiens] 


2341 


1372/1451 
(94%) 


1376/1451 
(94%) 


0.0 


gi | 6650377 | gb | AAF21 
809.1|AF096286 1 
(AF096286) 


pecanex 1 
[Mus 

musculus] 


1446 


1296/1446 
(89%) 


1344/1446 
(92%) 


0.0 


gi|13171105|gb|AAKl 

3590.1|AF154413_1 

(AF154413) 


pecanex 
[Takifugu 
rubripes] 


1703 


1079/1466 
(73%) 


1204/1466 
(81%) 


0.0 


gi|7290294|gb|AAF45 
755.11 (AE003423) 


pcx gene 
product [alt 
1] 

[Drosophila 
melanogaster 
] 


3437 


320/554 
(57%) 


424/554 
(75%) 


0.0 



The homology of these sequences is shown graphically in the ClustalW analysis shown 
in Table 3D. 
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Table 3D. ClustalW Analysis of NOV3 

1) NOV3 (SEQ ID NO: 12) 

2) ref |XP_027243.1| (XM_027243) hypothetical protein XP_027243 [Homo sapiens] (SEQ 
ID NO:42) 

3) gi | 15076843 | gb| AAK82958. 1 |AF233450_1 (AF233450) pecanex-like protein 1 [Homo 
sapiens] (SEQ ID NO: 43) 

4) gi|6650377|gb|AAF21809.1|AF096286_l (AF096286) pecanex 1 [Mus mus cuius] (SEQ ID 
NO' 44) 

5) " gi| 13171105 |gb|AAK13590.1 1 AF154413 J. (AF154413) pecanex [Takifugu rubripes] (SEQ 
ID NO:45) 

6) gil7290294|gb|AAF45755.1| (AE003423) pcx gene product (alt 1] [Drosophila 
melanogaster] (SEQ ID NO: 46) 

10 20 30 40 50 60 

.... | | | | I I I I .... I . . . . I . . . • I • • • • I 

NOV3 Jll— I_~ i" 

ref|XP 027243.1 \ 

gi 1 15076843 1 gb | MGSQTLQILRQGVWAALSGGWYYDPHQATFVNALHLYLWLFLLGLPFTLYMALPSTMIIV 60 

gi|6650377|gb|A * 

gi 1 13171105 I gb | MGSQTLQILRQGVWASVTGGWYYDPDQNTFVNALHLYIWLFLLCFPFTLYMALQPSMVIV 60 

gi|7290294!gb|A 1 

70 80 90 100 HO 120 
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NOV3 1 

ref |XP_027243.1 1 

gi 1 15076843 1 gb | AVYCPVIAAVFIVLKMVNYRLHRALDAGEVVDRTANEFTDQR--TKAEQGNCSTRRKDSNG 119 

5 gi| 6650377 |gb|A 1 

gi 1 13171105 1 gb | GIYCGVIAAMFLLLKTVNYRLHHALDEGEWEHQTRESKGSRGGTGGANDPVTRREDSNG 120 

gi 1 7290294 ) gb) A 1 

130 140 150 160 170 180 

NOV3 ' 1 

ref |XP_027243.1 1 

gi 1 15076843 1 gb| PSDPGGGIEMSEFIREATPPVGCSSRNSYAGLDPSNQIGSGSSRLGTAATIKGDTDTAKT 179 

gi|6650377|gb|A 1 

15 gi|13171105|gb| LGDPGGGIEMADFIRQETPPVDCSSRNSYVG 151 

gi|7290294|gb!A 1 

190 200 210 220 230 240 

20 NOV3 1 

ref |XP_027243.1 1 

gi 1 15076843 1 gb| SDDISLSLGQSSSLCKEGSEEQDLAADRKLFRLVSNDSFISIQPSLSSCGQDLPRDFSDK 239 

gi|6650377|gb|A 1 

gi|13171105|gb| 151 

25 gi|7290294|gb|A 1 

250 260 270 280 290 300 

I | I .... I I 1 .... | .... | I .... I ! .... 1 

NOV3 1 

30 ref |XP_027243.1 1 

gi 1 15076843 1 gb | VNLPSHNHHHHVDQSLSSACDTEVASLVPLHSHSYRKDHRPRGVPRTSSSAVAFPDTSLN 299 

gi|6650377|gb|A 1 

gi 113171105 1 gb | 151 

gi|7290294|gb|A 1 

35 

310 320 330 340 350 360 

....|....|....|....|....|....|..,.|....|....|....|....|....| 

NOV3 1 

ref |XP_027243.1 1 

40 gi 1 1507 6843 1 gb | DFPLYQQRRGLDPVSELESSKPLSGSKESLVENSGLSGEFQLAGDLKINTSQPPTKSGKS 359 

gi|6650377|gb|A 1 

gi|13171105|gb| 151 

gi|7290294|gb|A 1 . 

45 370 380 390 400 410 420 

j | 1 | .... | .... | .... | .... | .... i | | | 

N OV3 1 

ref |XP_027243.1 1 

gi 1 15076843 1 gb 1 KPLKAEKSMDSLRSLSTRSSGSTESYCSGTDRDTNSTVSSYKSEQTSSTHIESILSEHEE 419 

50 gi| 6650377 |gb|A 1 

gi|13171105|gb| MDL 154 

gi|7290294|gb|A 1 

430 440 450 460 470 480 
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Pecanex gene was originally discovered in Drosophila, encoding a large, membrane- 
spanning protein. The mouse homolog was recently reported. In the absence of maternal 
expression of the pecanex gene, the embryo develops severe hyperneuralization similar to that 
5 characteristic of Notch mutant embryos. Early gastrula embryos, lacking both maternally and 
zygotically expressed activity of the neurogenic pecanex locus, are shown to contain a greater 
than wild-type number of stably determined neural precursor cells which can differentiate into 
neurons in culture. Therefore it is anticipated that this novel human pecanex will be involved 
in neuronal differentiation, maintenance of neuronal precursors and neurological diseases. 

10 The disclosed NOV3 nucleic acid of the invention encoding a Human homolog of the 

Drosophila pecanex protein includes the nucleic acid whose sequence is provided in Table 3 A 
or a fragment thereof. The invention also includes a mutant or variant nucleic acid any of 
whose bases may be changed from the corresponding base shown in Table 3 A while still 
encoding a protein that maintains its Human homolog of the Drosophila pecanex activities and 

15 physiological functions, or a fragment of such a nucleic acid. The invention further includes 
nucleic acids whose sequences are complementary to those just described, including nucleic 
acid fragments that are complementary to any of the nucleic acids just described. The 
invention additionally includes nucleic acids or nucleic acid fragments, or complements 
thereto, whose structures include chemical modifications. Such modifications include, by way 

20 of nbnlimiting example, modified bases, and nucleic acids whose sugar phosphate backbones 
are modified or derivatized. These modifications are carried out at least in part to enhance the 
chemical stability of the modified nucleic acid, such that they may be used, for example, as 
antisense binding nucleic acids in therapeutic applications in a subject. In the mutant or 
variant nucleic acids, and their complements, up to about 1 percent of the bases may be so 

25 changed. 

The disclosed NOV3 protein of the invention includes the Human homolog of the 
Drosophila pecanex protein whose sequence is provided in Table 3B. The invention also 
includes a mutant or variant protein any of whose residues may be changed from the 
corresponding residue shown in Table 3B while still encoding a protein that maintains its 
30 Human homolog of the Drosophila pecanex activities and physiological functions, or a 
functional fragment thereof. In the mutant or variant protein, up to about 7 percent of the 
residues may be so changed. 

The NOV3 nucleic acids and proteins of the invention are useful in potential 
therapeutic applications implicated in cancer,trauma, regeneration (in vitro and in vivo), 
35 viraVbacterial/parasitic infections, cardiomyopathy, atherosclerosis, hypertension, congenital 
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heart defects, aortic stenosis, atrial septal defect (ASD), atrioventricular (A-V) canal defect, 
ductus arteriosus, pulmonary stenosis, subaortic stenosis, ventricular septal defect (VSD), 
valve diseases, tuberous sclerosis, multiple sclerosis, scleroderma, obesity, endometriosis, 
fertility, hypercoagulation, autoimmume disease, allergies, immunodeficiencies, 
transplantation, hemophilia, idiopathic thrombocytopenic purpura, graft versus host disease, 
Von Hippel-Lindau (VHL) syndrome, Alzheimer's disease, stroke, hypercalcemia, 
Parkinson's disease, Huntington's disease, cerebral palsy, epilepsy, ataxia-telangiectasia, 
leukodystrophies, behavioral disorders, addiction, anxiety, pain, neuroprotection, systemic 
lupus erythematosus, asthma, emphysema, ARDS, laryngitis, psoriasis, actinic keratosis, acne, 
hair growth/loss, allopecia, pigmentation disorders, endocrine disorders, diabetes, renal artery 
stenosis, interstitial nephritis, glomerulonephritis, polycystic kidney disease, systemic lupus 
erythematosus, renal tubular acidosis, IgA nephropathy, Lesch-Nyhan syndrome, and a variety 
of kidney diseases and/or other pathologies and disorders. 

NOV3 nucleic acids and polypeptides are further use&l in the generation of antibodies 
that bind immunospecifically to the novel substances of the invention for use in therapeutic or 
diagnostic methods. These antibodies may be generated according to methods known in the 
art, using prediction from hydrophobicity charts, as described in the "Anti-NOVX Antibodies" 
section below. The disclosed NOV3 protein has multiple hydrophilic regions, each of which 
can be used as an immunogen. In one embodiment, a contemplated NOV3 epitope is from 
about amino acids 20 to 50. In another embodiment, a NOV3 epitope is from about amino 
acids 180 to 200. In additional embodiments, NOV3 epitopes are from about amino acids 360 
to 400, from about 450 to 500, from about amino acids 600 to 680, from about amino acids 
720 to 780, from about amino acids 800 to 860, from about amino acids 950 to 1000, from 
about amino acids 1050 to 1 100, from about amino acids 1 150 to 1320, and from about amino 
acids 1350 to 1420. These novel proteins can be used in assay systems for functional analysis 
of various human disorders, which are useful in understanding of pathology of the disease and 
development of new drug targets for various disorders. 

NOV4 

A disclosed NOV4 nucleic acid of 1500 nucleotides (also referred to as 
SC140515441_A) encoding a novel Aurora-related kinase 1-like protein is shown in Table 4A. 
An open reading frame was identified beginning with a ATG initiation codon at nucleotides 
182-184 and ending with a TAG codon at nucleotides 1391-1393. The start and stop codons 
are in bold letters, and the 5' and 3' untranslated regions are underlined. 
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Table 4A. NOV4 Nucleotide Sequence (SEQ ID NO:13) 

TCATCTTAAATTTTTTTAGCTGATATAGTTGTZUVTTTCTT^CCTAGCTCATCTCTAGAGGATATGTAAAA 
ACATAAAACACCTCAATTACTTGTGfiATTATAGAGGTGTATCAGTTGGTTTARARGTGCTTTTATTGGGCT 
GAGCTCTTGGAAGACTCAGGTCCTTGGGTCATAGGCATCA TGGACCAATCTGAAGAAAACTGCATTTCAGG 
GCCTGTTGAGGCTAAAACTCCAGTTGGAGGTCCAGAACATGTTCTCGTGACTCAGCAATTTCCTTGTCAGA 
ATCCATTACCTGCAAATAGTGGCCAGGCTCAGTGGGTCTTGTGTCCTTCAAATTCTTCGCAGCGTGTTCCT 
TTGCAAGCACAAAAGCTTGTCTCCAGTCACAAGCCAGTTCAGAATCAGAAGCAGAAGCAATTGCAGGCAAC 
CAGTGTACCTCATCCTGCCTCCAGGCCACTGAATAACACCCAAAACAGCAAGCAGTCCCCGCTGTCGGCAC 
CTGAAAAT AAT CCTG AGG AGGAACT GG CATCAAAAC AGAAAAAT G AAGAAT C AAAAAAGAGGCAATGGGCT 
TTGGAAGACCTTGAAATTGGTCGCCCTCCGGGTAAAGGAAAGTTTGGTAATGTTTATTTGGCAAGAGAAAA 
ACAAAGCAAGTTTATTCTGGCTCTTAGGGTGTTATTTAAAGCTCAGCTGGAGAAAGCAGGAGTGGAGCATC 
AACTCAGAAGAGAAGTAGAAATACAGTCCCACCTCCAACATCCTAATATAATCAGACTGTATGGTTATTTC 
CATGATGCCACCAGAGTCTACCTAATTCTGGAATATACACCACTTGAAACAGTCAATACAGAACTTCAGAA 
ACTTTCAAAGTTTGATGAGCAGAGAACTGCTACTTATATCACAGAATTGGCAAGTGCCCTGTCTTACTGTC 
ATT CAAAAACAGTTATTC AT AGAGACATTAAG CCAGAGAACTTACTT CTTG GAT CAG CT GGAGAGCTT GAA 
ATTGCAAATTTTGGGTGGTCAGAACATGCTCCATCTTCCAGGAGGACCACTCTCTGTGGCACCCTGGACTA 
CCTGCCCCCCGAAATGATTGAAGGTCGGATGCATGATGAGAAGGTGGATCTCTGGAGCCTTGGAGTTCTTT 
GCTGTGAATTTTTAGTTGGGAAGCCTCCTTTTGAGGCAAATACATACCAAGAGACCTACAAAAGAATATCA 
CGGGTTGAGTTCACATTCCCTGACTTTGTAACAGAGGGAGCCAGGGACCTCATTTCAAGACTGTTGAAGCA 
TGTTCCCAGCCAGAGGCCAAT GCTCAGAGAAGTACTTGAATACCCCTGGATCACAGCAAATT CATCAAAAC 
C ATC AAAT T GCCAAAACAAAG AATC AACTAGC AAGT ATT CT TA GGAATCGTGCAGGGGGAGAAATCCT TGA 
GCCAGGGCTGCTGTATAACCTCTGAGGAACATGCTACCAAAATTTATTTTACCATTGACTGCTGCCCTCAA 
TCTAGAACA ^ ' ' " ~ ' 



The disclosed NOV4 nucleic acid sequence maps to chromosome 1 and has 1 152 of 
1212 bases (95%) identical to a gb:GENBANK-E):AF008551|acc:AF008551 mRNA from 
Homo sapiens [Homo sapiens aurora-related kinase 1 (ARK1) mRNA, complete cds (E = 1.8e" 



A disclosed NOV4 protein (SEQ ID NO:14) encoded by SEQ ID NO:13 has 403 
amino acid residues, and is presented using the one-letter code in Table 4B. Signal P, Psort 
and/or Hydropathy results predict that NOV4 does not have a signal peptide, and is likely to be 
localized to the cytoplasm with a certainty of 0.4500. In other embodiments NOV4 is also 
likely to be localized microbody (peroxisome) with a certainty of 0.3000, to the mitochondrial 
membrane space with a certainty of 0.1000, or to the lysosome(lumen) with a certainty of 
0.1000. 



Table 4B. Encoded NOV4 protein sequence (SEQ ID NO:14). 

MDQSEENCISGPVEAKTPVGGPEHVLVTQQFPCQNPLPANSGQAQWVLCPSNSSQRVPLQAQKLVSSHKPV 
QNQKQKQLQATSVPHPASRPLNNTQNSKQSPLSAPENNPEEELASKQKNEESJCKRQWALEDLEIGRPPGKG 
KFGNVYLAREKQSKFILALRVLFKAQLEKAGVEHQLRREVEIQSHLQHPNIIRLYGYFHDATRVYLILEYT 
PLETVNTELQKLSKFDEQRTATYITELASALSYCHSKTVIHRDIKPENLLLGSAGELEIANFGWSEHAPSS 
RRTTLCGTLDYLPPEMIEGRMHDEKVDLWSLGVLCCEFLVGKPPFEANTYQETYKRISRVEFTFPDFVTEG 
ARDL I S RLLKHVP 5 QR PMLRE VLE Y P WI T AN S S K P S N CQNKE S T S KY5 



The disclosed NOV4 amino acid has 69 of 403 amino acid residues (91%) identical to, 
and 381 of 403 amino acid residues (94%) similar to, the 403 amino acid residue 
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ptnr:SPTREMBL-ACC:O60445 protein from Homo sapiens (Human) (Aurora-Related Kinase 
1 (E= 1.7e' 198 ). 

NOV4 is expressed in at least Adrenal Gland/Suprarenal gland, Amygdala, Bone 
Marrow, Brain, Cervix, Colon, Coronary Artery, Epidermis, Heart, Kidney, Liver, Lung, 
5 Lymphoid tissue, Mammary gland/Breast, Ovary, Peripheral Blood, Placenta, Prostate, Testis, 
Thalamus, Tonsils, Uterus. This information was derived by determining the tissue sources of 
the sequences that were included in the invention. 

In addition, NOV4 is predicted to be expressed in colon because of the expression 
pattern of (GENBANK-ID: gb:GENBANK-ID:AF008551|acc:AFO08551) a closely related 
10 aurora-related kinase 1 (ARK1) mRNA, complete cds homolog in species Homo sapiens. 

NOV4 also has homology to the amino acid sequences shown in. the BLASTP data 
listed in Table 4C. 



Table 4C. BLAST results for NOV4 



Gene Index/ 
Identifier 


Protein/ 
Organism 


Length 
(aa) 


Identity 
(%) 


Positives 
(%) 


Expect 


gi 1 12654873 I gb | AAHO 

1280.1|AAH01280 

(BC001280) 


serine/threo 
nine kinase 
15 [Homo 
sapiens] 


403 


370/403 
(91%) 


381/403 
(93%) 


0.0 


gil 13653970 |ref |XP 

009546.31 

(XMJ)09546) 


serine/threo 
nine kinase 
15 [Homo 
sapiens] 


403 


369/403 
(91%) 


381/403 
(93%) 


0.0 


gi|4507275|ref |NP 0 

03591.11 

(NMJ5O360O) 


serine/threo 
nine kinase 
15; 

Serine/threo 
nine protein 
kinase 15 
[Homo 
sapiens] 


403 


369/403 
(91%) 


380/403 
(93%) ' 


0.0 


gi|74464ll|pir| | JC5 
974 


aurora- 
related 
. kinase 1 (EC 
2.7.-.-) - 
human 


403 


367/403 
(91%) 


379/403 
(93%) 


0.0 


gi| 4507279 |ref |NP 0 

03149.11 

(NMJ)03158) 


serine/threo 
nine kinase 
6; 

Serine/threo 
nine protein 
kinase-6; 
serine/threo 
nine kinase 
6 

(aurora/lPLl 
-like) [Homo 
sapiens] 


402 


342/403 
(84%) 


360/403 
(88%) 


0.0 
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The homology of these sequences is shown graphically in the ClustalW analysis shown 
in Table 4D. 



Table 4D. ClustalW Analysis of NOV4 

1) NOV4 (SEQ ID NO: 14) 

2) gi 1 12654873 | gbj AAH01280. 1 IAAH01280 (BC001280) serine/threonine kinase 15 [Homo 
sapiens] (SEQ ID NO: 47) 

3) gi 1 13653970 1 ref |XPJ)09546. 3 I (XM_009546) serine/threonine kinase 15 [Homo 
sapiens] (SEQ ID NO: 48) 

4) gi | 4507275 1 ref |NP_003591 . 1 1 (NM_003600) serine/threonine kinase 15; 
Serine /threonine protein kinase 15 [Homo sapiens] (SEQ ID NO: 49) 

5) gi | 7446411 |pir | IJC5974 aurora-related kinase 1 (EC 2.7.-.-) - human (SEQ ID 
NO: 50) 

6) gi!4507279|ref |NP_003149 . 1 1 <NM_003158) serine/threonine kinase 6; 
Serine/threonine protein kinase-6; serine/threonine kinase 6 (aurora/IPLl-like) 
[Homo sapiens] (SEQ ID NO: 51) 



NOV4 

gi|12654873| 
gi|13653970| 
gi| 45072751 
gi|7446411I 
gi|4507279| 



NOV4 

gi|12654873| 

gi|13653970| 

gi|4507275| 

gi|7446411| 

giJ4507279| 



NOV4 

gi|12654873| 
gi | 13653970 | 
gi|45072751 
gi|7446411| 
gi|4507279| 



NOV4 

gi| 126548731 
gi|13653970i 
gi| 45072751 
gi|7446411! 
gi|4507279| 



NOV4 ' 
gi|12654873| 
gi | 13653970 | 
gi I 4507275 | 
gi|74464111 
gil 45072791 



NOV4 



I. 



10 
.1.. 



20 



30 



40 



50 



I 



iMDgSgENCISGPVgAjSiPVGGPgjaVLVTQQFPCQNPLPgNSGQAQgjVLCF 
MDRSKENCISGPVKATAPVGGPKRVLVTQQFPCQNPLPVNSGQAQRVLCP 
MDRSKENCISGPVKATAPVGGPKRVLVTQQFPCQNPLPVNSGQAQRVLCP 

mdrskencisgpvkatapvggpkrvlvtqq|Jpcqnplpvnsgqaqrvlcp 

MDRSKENCI SGPVKATAPVGGPKRVLVTQQFPCQN PLPVN SGQAQRVLCP 
MDRSKENCISGPVKATAPVGGPKRVLVTQQFPCQNPLPVNSGQAQRVLCP 



I. 



60 

.1.. 



I 



70 

. I.. 



80 



I 



90 

.1.. 



100 
..I 



SNSSQRVPLQAQKLVSSHKPVQNQKQKQLQATSVPHPgSRPLNNTQjJjSKQ 
SNSSQRVPLQAQKLVSSHKPVQNQKQKQLQATSVPHPVSRPLNNTQKSKQ 
SNSSQR0PLQAQKLVSSHKPVQNQKQKQLQATSVPHPVSRPLNNTQKSKQ 
SNSSQRVPLQAQKLVSSHKPVQNQKQKQLQATSVPHPVSRPLNNTQKSKQ 
SNSSQR0PLQAQKLVSSHKPVQNQKQKQLQgTSVPHPVSRPLNNTQKSKQ 
SNSSQRVPLQAQKLVSSHKPVQNQKQKQLQATSVPHPVSRPLNNTQKSKQ 



110 



120 



I 



I 



130 



140 



150 



SPLE 



■sapennpeeelaskqkneeskkrqwaledgeigrp[|gkgkfgnvyla 
plpsapennpeeelaskqkneeskkrqwaledfeigrplgkgkfgnvyla 
plpsapennpeeelaskqkneeskkrqwaledfeigrplgkgkfgnvyla 
plpsapennpeeelaskqkneeskkrqwaledfeigrplgkgkfgnvyla 
plps apennpeeelaskq k neesk krqwaledfeigrplgkgkfgnvyla| 



160 
..|.. 



170 



I ■ 



I. 



180 
..I.. 



190 
.. |.. 



200 
..I 



REKQSKFILALjgVLFKAQLEKAGVEHQLRREVEIQSHLgHPNigRLYGYF 
REKQSKFILALKVLFKAQLEKAGVEHQLRREVEIQSHLRHPNILRLYGYF 
REKQSKFILALKVLFKAQLEKAGVEHQLRREVEIQSHLRHPNILRLYGYF 
REKQSKFILALKVLFKAQLEKAGVEHQLRREVEIQSHLRHPNILRLYGYF 
REKQSKSlLALKVLFKAQLEKAGVEHQLRREVEIQSHLRHPNILRLYGYE' 
REKQSKFILALKVLFKAQLEKAGVEHQLRREVEIQSHLRHPNILRLYGYF 



I , 



210 
. . I . . 



I , 



220 
. . I . . 



I , 



230 
. . I . . 



240 
. . I . . 



I ■ 



250 
..I 



HDATRVYLILEYjJPLaTVgjjELQKLSKFDEQRTATYITELAgALSYCHSK 
HDATRVYLILEYAPLGTVYRELQKLSKFDEQRTATYITELANALSYCHSK 
HDATRVYLILEYAPLGTVYRELQKLSKFDEQRTATYITELANALSYCHSK 
HDATRVYLILEYAPLGTVYRELQKLSKFDEQRTATYITELANALSYCHSK 
HDATRVYLILEYAPLGTVYRELQKLSKFDEQRT ATYITEL ANALSYCHSK 
HDATRVYLTLEYAPLGTVYRELOKLSKFDEORTAliMWiiaiANALSYCHSF 



260 


270 


280 290 


300 


BVIHRDIKPENLL 


LGSAGEL^i; 


^FGWSEHAPSSRRTTLCGTL 


DYLPPEM1 



64 



WO 02/057450 PCT/USO 1/48922 

gi| 12654873 | 
gil 13653970 | 
gi| 45072751 
gi|7446411| 
gi| 4507279 I 



RVIHRDIKPENLLLGSAGELKIADFGWSVHAPSSRRTTLCGTLDYLPPEM 
RVIHRDIKPENLLLGSAGELKIADFGWSVHAPSSRRTTLCGTLDYLPPEM 
RVIHRDIKPENLLLGSAGELKIADFGWSVHAPSSRRTTLCGTLDYLPPEM 
RVIHRDIKPENLLLGSAGELKIADFGWSVHAPSSRRTTLCGTLDYLPPEM 
RVIHRDIKPENLLLGSAGELKIADFGWSVHAPSSRRTTLCGTLDYLPPEM 



IEGRMHDEKVDLWSLGVLCgEFLVGKPPFEANTYQETYKRISRVEFTFPD 
IEGRMHDEKVDLWSLGVLCYEFLVGKPPFEANTYQETYKRISRVEFTFPD 
IEGRMHDEKVDLWSLGVLCYEFLVGKPPFEANTYQETYKRISRVEFTFPD 
IEGRMHDEKVDLWSLGVLCYEFLVGKPPFEANTYQETYKRISRVEFTFPD 
IEGRMHDEKVDLWSLGVLCYEFLVGKPPFEANTYQETYKRISRVEFTFPD 
IEGRMHDEKVDLWSLGVLCYEFLVGKPPFEANTYQETYKRISRVEFTFPn 



FVTEGARDLISRLLKHj5PSQRP^3LREVLE2pWITANSSKPS^^ICQNKESJ5'S 
FVTEGARDLISRLLKHNPSQRPMLREVLEHPWITANSSKPSNCQNKESAS 
FVTEGARDLISRLLKHNPSQRPMLREVLEHPWITANSSKPSNCQNKESAS 
FVTEGARDLISRLLKHNPSQRPMLREVLEHPWITANSSKPSNCQNKESAS 
FVTEGARDLISRLLKHNPSQRPMLREVLEHPWITANSSKPSNCQNKESAS 
FVTEGARDLISRLLKHNPSQRPMLREVLEHPWITANSSKPSNCQNKESAS 



N0V4 

gi|12654873| 
gi|l3653970| 
gil 4507275 I 
gi] 74464111 
gi)4507279| 



N0V4 

gill26548731 
gil 13653970 I 
gi|4507275| 
gi| 7446411 | 
gi|4507279| 



N0V4 

gi|126548731 
gil 13653970 | 
gi|4507275| 
gi!74464111 
gi| 45072791 



Tables 4E-G lists the domain description from DOMAIN analysis results against 
NOV4. This indicates that the NOV4 sequence has properties similar to those of other 
proteins known to contain this domain. 



Table 4E Domain Analysis of NOV4 

gnl 1 Smart | smart 00220 , SJTKc, Serine/Threonine protein kinases, 
catalytic domain; Phosphotransferases. Serine or threonine-specif ic 
kinase subfamily. (SEQ ID NO: 98) 
CD-Length =256 residues, 99.6% aligned 
Score = 256 bits (653), Expect «= 2e-69 



NOV 3: 134 EIGRPPGKGKFGNVYLAREKQSKFILALRVLFKAQLEKAGVEHQLRREVEIQSHLQHPNI 
1+ Ml II ++I++I+ 1 +|+| ++ |1++| | HI) 

Sb j ct : 2 ELLEVLGKGAFGKVYLJ^DKKTGKLVAIKVIKKEKLKK-KKRERILREIKILKKliDHPNI 

NOV 3 : 194 IRLYGYFHDATRVYLILEYTPLETVNTELQKLSKFDEQRTATYITELASALSYCHSKTVI 
++1 I II ++I |++| | + |+| + I | ++ J | | | | |+ +| 

Sb j ct : 61 VKLYDVFEDDDKLYLVMEYCEGGDLFDLLKKRGRLSEDEl^RFYARQILSALEYLHSQGII 

NOV 3 : 254 HRDI KPENL LLGS AGE LE I AN FGWS — E HAP S S RRTT LC GT L D YL P PEMIE GRMH DEKVD 
I I l + l I I i + l I I I +++I + I I + + + I 1 I I +1+ I |++ |+ + + | | 
Sb j ct : 121 HRDLKPENI LLDSDGHVKLADFGLAKQLDSGGTLLTTFVGT PE YMAPEVLLGKGYGKAVD 

NOV 3: 312 LWSLGVLCCEFLVGKPPFEA-NTYQETYKRI SRVEFTFPDF VTEGARDLISRLLKHV 

+ 1 I I I 1+ I I I II 1 I + +1 + | + || ++ l + l I I +1 I 

Sbj ct : 181 IWSLGVILYELLTGKPPFPGDDQLLALFKKIGKPPPPFPPPEWKISPEAKDLIKKLLVKD 
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NOV 3: 368 PSQRPMLREVLEYPWI 383 

I +1 I II + I + 
Sbjct: 241 PEKRLTAEEALEHPFF 256 



Table 4F Domain Analysis of NOV4 

gnl | Pf am 1 pf amQ 0069 , pkinase, Protein kinase domain (SEQ ID NO: 99) 
CD-Length = 256 residues, 100.0% aligned 
Score =■ 221 bits (564} , Expect = 5e-59 



NOV 3: 


133 


LEIGRPPGKGKFGNVYLAREKQSKFILALRVLFKAQLEKAGVEHQLRREVEIQSHLQHPN 


192 






1+1 1 I II 1 1 + 1 + 1+I+++I 1 i + + + 1 I++) II II 




Sbjct; 


1 


YELGEKLGSGAFGKVYKGKHKDTGEIVAIKILKKRSLSE — KKKRFLREIQILRRLSHPN 


58 


NOV 3: 


193 


IIRLYGYFHDATRVYLILEYTPLETVNTEL-QKLSKFDEQRTATYITELASALSYCHSKT 


251 






l+l 1 1 1 + +1 I++I I + 1 + 1+ ++ 1 1 11+ 




Sbjct: 


59 


IVRLLGVFEEDDHLYLVMEYMEGGDLFDYLRRNGLLLSEKEAKKIALQILRGLEYLHSRG 


118 


NOV 3: 


252 


VIRRDIKPENLLLG SAGE LE IAN FGWS EHAPSSRRTTLCGTLDYLPPEMIEGRMHDE 


308 






++III+1III+II 1 ++1I+II + 1 + + II II +1+ II++III + 




Sbjct: 


119 


IVHRDLKPENILLDENGTVKIADFGLARKLESSSYEKLTTFVGTPEYMAPEVLEGRGYSS 


178 


NOV 3: 


309 


KVDLWSLGVLCCEFLVGKPPFEANTYQETYKRI SRVEFTFPDFVTEGARDLISRLLK 


365 






II l + l 1 1 1 1+ 1 1 1 1 1 1 1 II 1+ 1 +1 +1 II + 1 




Sbjct: 


.179 


KVDVWSLGVILYELLTGKLPFPGIDPLEELFRIKERPRLRLPLPPNCSEELKDLIKKCLN 


238 


NOV 3: 


366 


HVPSQRPMLREVLEYPWI 383 








1 +1 1 +1 + 1 +1 I 




Sbjct: 


239 


KDPEKRPTAKE ILNHPWF 256 





Table 4G Domain Analysis of NOV4 

gnl | Smart | smartQ0219 , TyrKc, Tyrosine kinase, catalytic domain; 
Phosphotransferases. Tyrosine-specif ic kinase subfamily (SEQ ID 
NO: 100) 

CD-Length = 258 residues, 99.6% aligned 
Score = 127 bits (318), Expect = 2e-30 



NOV 3: 


133 


Sb j ct : 


1 


NOV 3: 


191 


Sbjct: 


60 


NOV 3: 


249 


Sbjct: 


120 


NOV 3: 


305 


Sbjct: 


180 


NOV 3: 


363 


Sbjct: 


240 



I +1+ l+I 1 1 1 1 I + + I I 11+ 11+ II 

LTLGKKLGEGAFGEVYKGTLKGKGGVE-VEVAVKTLKEDASEQQIEEFLREARLMRKLDH 59 



I I I++I I + + +++I | + | + | ++ ++| + | 
PNIVKLLGVCTEEEPLMIVMEYMEGGDLLDYLRKNRPKELSLSDLLSFALQIARGMEYLE 119 

SKTVIHRDIKPENLLLGSAGELEIANFGWSEHAPSSRRTTLCGTLD YLPPEMIEGR 304 

II +111+ I l + l ++| l + l I + + ++ I I ++ 



I l + l I I I I I I +1+ |+ + +| + + + | + | |+ + 

180 KFTSKSDVWSFGVLLWEIFTLGESPYPGMSNEEVLEYLKKGYRLPQPPNCPDEIYDLMLQ 239 



I++I 
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Amplification of chromosome 20q DNA has been reported in a variety of cancers. 
DNA amplification on 20ql3 has also been correlated with poor prognosis among axillary 
node-negative breast tumor cases. Sen et al. (1997) cloned a partial cDNA encoding STK15 
(also known as BTAK and aurora2) from this amplicon and found that it is amplified and 
overexpressed in 3 human breast cancer cell lines. STK15 encodes a centrosome-associated 
kinase. Zhou et al. (1998) found that STK15 is involved in the induction of centrosome 
duplication-distribution abnormalities and aneuploidy in mammalian cells. Centrosomes 
appear to maintain genomic stability through the establishment of bipolar spindles during cell 
division, ensuring equal segregation of replicated chromosomes to 2 daughter cells. 
Deregulated duplication and distribution of centrosomes are implicated in chromosome 
segregation abnormalities, leading to aneuploidy seen in many cancer cell types. Zhou et al. 
(1998) found amplification of STK15 in approximately 12% of primary breast tumors, as well 
as in breast, ovarian, colon, prostate, neuroblastoma, and cervical cancer cell lines. 
Additionally, high expression of STK15 mRNA was detected in tumor cell lines without 
evidence of gene amplification. Ectopic expression of STK15 in mouse NIH 3T3 cells led to 
the appearance of abnormal centrosome number (amplification) and transformation in vitro. 
Finally, overexpression of STK15 in near-diploid human breast epithelial cells revealed 
similar centrosome abnormality, as well as induction of aneuploidy. These findings suggested 
that STK15 is a critical kinase-encoding gene, whose overexpression leads to centrosome 
amplification, chromosomal instability, and transformation in mammalian cells. Zhou et al. 
(1998) found that the open reading frame of the full-length STK15 cDNA sequence encodes a 
403-amino acid protein with a molecular mass of approximately 46 kD. STK6 (602687), also 
referred to as AJK, is highly homologous to STK15. The Drosophila 'aurora* and S. cerevisiae 
Ipll STKs are involved in mitotic events such as centrosome separation and chromosome 
segregation. Using a degenerate primer-based PCR method to screen for novel STKs, Shindo 
et al. (1998) isolated mouse and human cDNAs encoding STK15, which they termed ARK1 
(aurora-related kinase- 1). Cell cycle and Northern blot analyses showed that peak expression 
of STK15 occurs during the G2/M phase and then decreases. By interspecific backcross 
mapping, Shindo et al. (1998) mapped the mouse Stkl5 gene to the distal region of 
chromosome 2 in a region showing homology of synteny with human 20q 

The disclosed NOV4 nucleic acid of the invention encoding a Aurora-related kinase 1- 
like protein includes the nucleic acid whose sequence is provided in Table 4A or a fragment 
thereof. The invention also includes a mutant or variant nucleic acid any of whose bases may 
be changed from the corresponding base shown in Table 4A while still encoding a protein that 
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maintains its Aurora-related kinase 1-like activities and physiological functions, or a fragment 
of such a nucleic acid. The invention further includes nucleic acids whose sequences are 
complementary to those just described, including nucleic acid fragments that are 
complementary to any of the nucleic acids just described. The invention additionally includes 
5 nucleic acids or nucleic acid fragments, or complements thereto, whose structures include 
chemical modifications. Such modifications include, by way of nonlimiting example, 
modified bases, and nucleic acids whose sugar phosphate backbones are modified or 
derivatized. These modifications are carried out at least in part to enhance the chemical 
stability of the modified nucleic acid, such that they may be used, for example, as antisense 

10 binding nucleic acids in therapeutic applications in a subject. In the mutant or variant nucleic 
acids, and their complements, up to about 5 percent of the bases may be so changed. 

The disclosed NOV4 protein of the invention includes the Aurora-related kinase 1-like 
protein whose sequence is provided in Table 4B. The invention also includes a mutant or 
variant protein any of whose residues may be changed from the corresponding residue shown 

15 in Table 4B while still encoding a protein that maintains its Aurora-related kinase 1-like 
activities and physiological functions, or a functional fragment thereof. In the mutant or 
variant protein, up to about 9 percent of the residues may be so changed. 

The protein similarity information, expression pattern, and map location for the 
Aurora-related kinase 1-like protein and nucleic acid (NOV4) disclosed herein suggest that 

20 NOV4 may have important structural and/or physiological functions characteristic of the 

citron kinase-like family. Therefore, the NOV4 nucleic acids and proteins of the invention are 
useful in potential diagnostic and therapeutic applications. These include serving as a specific 
or selective nucleic acid or protein diagnostic and/or prognostic marker, wherein the presence 
or amount of the nucleic acid or the protein are to be assessed, as well as potential therapeutic 

25 applications such as the following: (i) a protein therapeutic, (ii) a small molecule drug target, 
(iii) an antibody target (therapeutic, diagnostic, drug targeting/cytotoxic antibody), (iv) a 
nucleic acid useful in gene therapy (gene delivery/gene ablation), and (v) a composition 
promoting tissue regeneration in vitro and in vivo. 

The NOV4 nucleic acids and proteins of the invention are useful in potential diagnostic 

30 and therapeutic applications implicated in various diseases and disorders described below. For 
example, the compositions of the present invention will have efficacy for treatment of patients 
suffering from breast, ovarian, colon, prostate, neuroblastoma, and cervical cancer, 
Cardiomyopathy, Atherosclerosis, Hypertension, Congenital heart defects, Aortic stenosis, 
Atrial septal defect (ASD), Atrioventricular (A-V) canal defect, Ductus arteriosus, Pulmonary 
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stenosis, Subaortic stenosis, Ventricular septal defect (VSD), valve diseases, Tuberous 
sclerosis, Scleroderma, Obesity, Transplantation, Diabetes, Von Hippel-Lindau (VHL) 
syndrome, Pancreatitis, Alzheimer's disease, Stroke, hypercalceimia, Parkinson's disease, 
Huntington's disease, Cerebral palsy, Epilepsy, Lesch-Nyhan syndrome, Multiple sclerosis, 
5 Ataxia-telangiectasia, Leukodystrophies, Behavioral disorders, Addiction, Anxiety, Pain, and 
Neuroprotection and/or other pathologies. The NOV4 nucleic acid, or fragments thereof, may 
further be useful in diagnostic applications, wherein the presence or amount of the nucleic acid 
or the protein are to be assessed. 

NOV4 nucleic acids and polypeptides are further useful in the generation of antibodies 

1 0 that bind immunospecifically to the novel substances of the invention for use in therapeutic or 
diagnostic methods. These antibodies may be generated according to methods known in the 
art, using prediction from hydrophobicity charts, as described in the "Anti-NOVX Antibodies" 
section below. For example the disclosed NOV4 protein have multiple hydrophilic regions, 
each of which can be used as an immunogen. In one embodiment, contemplated NOV4 

15 epitope is from about amino acids 1 to 10. In another embodiment, a NOV4 epitope is from 
about amino acids 15 to 160. In additional embodiments, NOV4 epitopes are from about 
amino acids 175 to 210, from about amino acids 220 to 240, from about amino acids 250 to 
270, from about amino acids 280 to 320, from about amino acids 340 to 375, and from about 
amino acids 380 to 400. This novel protein also has value in development of powerful assay 

20 system for functional analysis of various human disorders, which will help in understanding of 
pathology of the disease and development of new drug targets for various disorders. 

NOV5 

A disclosed NOV5 nucleic acid of 1500 nucleotides (designated CuraGen Acc. No. 
SC44326718_A) encoding a novel 26S protease regulatory subunit 4-like protein is shown in 
25 Table 5 A. An open reading frame was identified beginning with an ATG initiation codon at 
nucleotides 101-103 and ending with a TAG codon at nucleotides 1427-1429. A putative 
untranslated region downstream from the termination codon is underlined in Table 5 A, and the 
start and stop codons are in bold letters. 



Table 5A. NOV5 Nucleotide Sequence (SEQ ID NO:lS) 

6TATCCCCAAGAGAAAATACGCATCAAAAATTAGGAACTTAGAAATGATAGTT6A GGTGGAGGAACTTCC 
AGCAGTGGCAGCTCAAGTGGCCAAGACAAGA TGGGTCAAAGTCAGGGTGATGGTCATGGTCCTAGACGTG 
GCAAGAAGGATGAAAAGGACAAGAAAAATAAGTACGAACCTCTTGTACCAACTAGAGTGGCGGAAAAAGA 
AGAAAAAACAAAGGGACAAGATGTTGCCAGTAAACTGCCACTGGTGACACTTCACACTCAGTGTCGGTTA 
AAAT T ACTGAAGT TAGAGAGAATTAAAGACT AC CT TCT CAT GGTGGAAGAAT T C ATT AGAAAT CAGGAAC 
AAATAAAACTATTAGAAGAAAAGCAAGAGGAGGGAAGATCAAAAGTGGATGATCTGAGGGGGACCCCAAT 
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GTCAGTAGGAAACTTGGAAGAGATCATCGATGACAATCATGCCATTGTGTCTACATCTGTGGGCTCAGAA 
CACTATGACAGCATTATTTCATTTGTAGAGAAGGATCTGCTGGAACCTGGCTGCTCGATTCTGCTCAGAC 
ACAAGGTACATGCGGTGATAGGGGTGCTGATGGATGATACGGGTCCCCTGGTCACAATGATGAAGGTGGA 
GAAGGCCCCCCAGGAGACCTATGTCAATACTGGGGGGTTGGACAACCAAATTCAGGAAATTAAGGAATCT 
ATGGAGCTTCCTCTCCCCCATCCTGAATATTATGAAGAGATGGGTACAAAGCCTCCTAAAGGGGTCATTC 
TCTGTGGTCCACCTGGCACAGGTAAAACCTTGTTAGCCAAAGCAGTAGCAAACCAAACCTCAGCCACTTT 
CTTGAGAGTGGTTGGCTCTGAACTTATTCAGAAGTACCTAGGTGATGGGCCCAAACTCGTACGGCAAGTA 
TTTCAAGTTGCTGAAGAACATGCACCATCCATCATGTTTACTGATGAAATTGAAGCCATTGGGACAAAAA 
GATATGACTCCAATTCTGGTGGTGAGAGAGAAATTCAGCAAACAATGTTGGAATTGGAACTGTTGAACCA 
ATTGGGTGGATTTGATTCTAGGGAAGATGTGAAAGTTATCATGGCCACAAAACAAGTAGAAACTTTGGAT 
CCAGTACTTATCAGACCAGGCCGCATTGACAAGAAGATCGAGTTCCACCTGCCTGATGAAAAGACTAAGA 
AGCACATCTTTCAGATTCACACAAGCAGGATGACACTGGCCAATGATGTAACCCTGGACGACTTGATCAT 
GGCTAAAGATGACTTCTCTGGTGCTGACATCAAGGCAATCTGTACAGAAGCTGGTCTGATGGCCTTAAGA 
GAACATAGAATGAAAGCAACAAATGAAGACTTCAAAAAATCTATAGAAAGTGTTCTTTATAAGAAACACG 
AAGGCATCCCTGAGGGGCTTTATCTCTA GTGAACCACCGCTGCCATCAGGAAGATGGTTGGGAGATTTCC 
CAACCCCTGAAAGGGATGAGGTTGGGGGAG ' ' 



The nucleic acid sequence NOV5, located on chromosome 5 has 1347 of 1447 bases 
(93%) identical to a gb:GENBANK-ID:HUM26SPSIV|acc:L02426 mRNA from Homo 
sapiens (Human 26S protease (S4) regulatory subunit mRNA, complete cds (E = 2.4e" 277 ). 

A NOV5 polypeptide (SEQ ID NO:16) encoded by SEQ ID NO:15 is 442 amino acid 
residues and is presented using the one letter code in Table 5B. Signal P, Psort and/or 
Hydropathy results predict that NOV5 has no signal peptide and is likely to be localized in the 
cytoplasm with a certainty of 0,4500. hi other embodiments, NOV5 may also be localized to 
the microbody (peroxisome) with a certainty of 0.3000, the mitochondrial matrix space with a 
certainty of 0.1000, or the lysosome (lumen) with a certainty of 0.1000. 



Table SB. NOV5 protein sequence (SEQ ID NO:16) 

MGQSQGDGHGPRRGKKDEKDKKNKYEPLVPTRVAEKEEKTKGQDVASKLPLVTLHTQCRLKLLKLERIKDYLLM 
VEEFIRNQEQIKLLEEKQEEGRSKVDDLRGTPMSVGNLEEIIDDNHAIVSTSVGSEHYDSIISFVEKDLLEPGC 
SILLRHECVHAVIGVLMDDTGPLVTMMKVEKAPQETYVNTGGLDNQIQEIKESMELPLPHPEYYEEMGTKPPKGV 
ILCGPPGTGKTLLAKAVANQTSATFLRWGSELIQKYLGDGPKLVRQVFQVAEEHAPSIMFTDEIEAIGTKRYD 
SNSGGEREIQQTMLELELLNQLGGFDSREDVKVIMATKQVETLDPVLIRPGRIDKKIEFHLPDEKTKKHIFQIH 
TSRMTLANDVTLDDLIMAKDDFSGADIKAICTEAGLMALREHRMKATNEPFKKS IES VLYKKHEGI PEGLYL 



The full amino acid sequence of the protein of the invention was found to have 383 of 
442 amino acid residues (86%) identical to, and 405 of 442 amino acid residues (91%) similar 
to, the 440 amino acid residue ptnr:SWISSPROT-ACC:P49014 protein from Mus musculus 
(Mouse), and Rattus norvegicus (Rat) (26S Protease Regulatory Subunit 4 (P26S4) (E = L7e 

200^ 

NOV5 also has homology to the amino acid sequences shown in the BLASTP data 
listed in Table 5C. 
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Table 5C. BLAST results for NOV5 




Gene Index/ 
Identifier 


Protein/ Organism 


Length 
(aa) 


Identity 
(%) 


Positives 
(%) 


Expect 


gi I 4o0bZU7 | rei | Nr u 

02*793r:l| 

(NMJD02802) 


proteasome 
(prosome, 
macropain) 26S 
subunit, ATPase, 

1 • TD ^ 4" ^ a o A *J C\ Q 
J. f Iri O LEd £j<JIUfci ^DO 

subunit, ATPase, 1 
[Homo sapiens] 


H. H U 


^oo /449 
(86%) 


405/442 
(91%) 


0.0 


gi | 6679501 Jref fNP_0 
3Z97 o . 1 1 
(NM_008947) 


protease (prosome f 
macropain) 26S 
subunit, ATPase 1 
[Mus musculus] 


440 


383/442 


405/442 
( 90% ) 


o n 


rn 1 "^4 57 17 Inirl 1 A4 4 4 
68 


regulatory chain 4 
[validated] - 
human 


440 


381/442 
(86%) 


404/442 
(91%) 


u . u 


gi 1167 41033 |gb|AAHl 
6368.1 IAAH16368 
(BC016368) 


protease (prosome, 
macropain) 26S 
subunit, ATPase 1 
[Homo sapiens] 


440 


382/442 
(86%) 


404/442 
(90%) 


0.0 


gi|2492516|sp|Q9073 
2|PRS4__CHICK 


26S PROTEASE 
REGULATORY SUBUNIT 
4 (P26S4) 


440 


378/442 
(85%) 


402/442 
(90%) 


0.0 



The homology of these sequences is shown graphically in the ClustalW analysis shown 
in Table 5D. 



Table 5D ClustalW Analysis of NOV5 

1) N0V5 (SEQ ID NO: 16) 

2) gi|4506207|ref |NP_002793 . 1 | (NM_002802) proteasome (prosome, macropain) 26S 
subunit, ATPase, 1; Proteasome 26S subunit, ATPase, 1 [Homo sapiens] (SEQ ID NO: 52) 

3) gi | 6679501 1 ref | NP_032973 . 1 1 (NM__008947) protease (prosome, macropain) 26S 
subunit, ATPase 1 [Mus musculus] (SEQ ID NO: 53) 

4) gi 1 345717 Ipir I I A44468 26S proteasome regulatory chain 4 [validated] - human (SEQ 
ID NO:54) 

5) gi|16741033|gb|AAH16368.1|AAH16368 (BC016368) protease (prosome, macropain) 26S 
subunit, ATPase 1 [Homo sapiens] (SEQ ID NO: 55) 

6) gi|2492516|sp|Q90732|PRS4 CHICK 26S PROTEASE REGULATORY SUBUNIT 4 (P26S4) (SEQ 
ID NO: 56) 



NOV5 

gi 14506207 | 
gi I 6679501 1 
gi I 345717 | 
gi|16741033| 
gi|2492516| 



NOV5 

gi I 4506207 | 
gi I 6679501 1 
gi|345717| 
gi 1 16741033 | 
gi|2492516| 



NOV5 

gi| 4506207 | 




60 
. I.. 



70 



80 
I ■ 



90 



100 



LVTjJHTQCRLKLLKLERIKDYLLM^EEFIRNQEQUKjJLEEKQEEgRSKVD 
LVTPHTQCRLKLLKLERIKDYLLMEEEFIRNQEQMKPLEEKQEEERSKVD 
LVTPHTQCRLKLLKLERIKDYLLMEEEFIRNQEQMKPLEEKQEEERSKVD 
LVT PHTQCRLKLLKLERI KD YLLMEEE FIRNQEQMKPLEEKQEEERSKVD 
LVTPHTQCRLKLLKLERIKDYLLMEEEFIRNQEQMKPLEEKQEEERSKVD 
LVTPHTQCRLKLLKLERIKDYLLMEEEFIRNOEQMKPLEEKQEEERSKVD 



110 



120 
. . I . . 



130 



140 



150 



DLRGTPMSVGgjLEEIIDDNHAIVSTSVGSEHYjSSiaSFVgKDLLEPGCSg 
DLRGTPMSVGTLESIIDDNHAIVST SVG SEHYV S ILSFVDKDLLEPGCSV 
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DLRGT PM S V GT LE E 1 1 D DN HAI V S T S V G SE H Y V S I L S F V DKDLLE PG C S V 
DLRGTPMSVGTLEEIIDDNHAIVSTSVGSEHYVSILSFVDKDLLEPGCSV 
DLRGTPMSVGTLEEIIDDNgAIVSTSVGSEHYVSILSFVDKDLLEPGCSV 
DLRGTPMSVGTLEEIIDDNHAIVSTSVGSEHYVSILSFVDKDLLEPGCSV 



gi | 66795011 
gi I 345717 I 
gi | 16741033 | 
gi)2492516| 



N0V5 

gi I 4506207 | 
gi I 66795011 
gi 1345717 | 
gi 1 16741033 | 
gi|2492516) 



NOV5 

gi I 4506207 | 
gi!6679501| 
gi!345717l 
gi 1 16741033 | 
gi|2492516| 



NOV5 

gi I 4506207 | 
gi I 6679501 1 
gi I 345717 1 
gi 1 16741033 | 
gi|2492516| 



NOV5 

gi| 4506207} 
gil 66795011 
gi I 345717] 
gil 16741033 | 
gi!2492516| 



NOV5 

gi| 4506207 | 
gil 66795011 
gi| 345717! 
gi| 16741033 | 
gi|2492516| 



NOV5 

gi| 4506207 | 
gi| 6679501) 
gi|345717| 
gi|16741033| 
gi|24925l6| 



160 



170 



180 



190 



200 



LLjgHKVHAVIGVLMDDTgPLVTjJjMKVEKAPQETYgJjjGGLDNQIQEIKES 

llnhkvhavigvlmddtdplvtvmkvekapqetyadiggldnqiqeikes 
llnhkvhavigvlmddtdplvtvmkvekapqetyadiggldnqiqeikes 
llnhkvhavigvlmddtdplvtvmkvekapqetyadiggldnqiqeikes 
llnhkvhavigvlmddtdplvtvmkvekapqetyadiggldnqiqeikes 
llnhkvhavigvlmddtdplvtvmkBekapqetyadiggldnoioeikes 



210 
..I.. 



220 



230 



I 



I 



240 
..I.. 



250 



{ELPLgHPEYYEEMGjjKPPKGVILgGPPGTGKTLLAKAVANQTSATFLRV 
VELPLTHPEYYEEMGIKPPKGVILYGPPGTGKTLLAKAVANQTSATFLRV 
VELPLTHPEYYEEMGIKPPKGVILYGPPGTGKTLLAKAVANQTSATFLRV 
VELPLTHPEYYEEMGIKPPKGVILYGPPGTGKTLLAKA.VANQTSATFLRV 
VELPLTHPEYYEEMGIKPPKGVILYGPPGTGKTLLAKAVANQTSATFLRV 
VELPLTHPEYYEEMGIKPPKGVILYGPPGTGKTLLAKAVANQTSATFLRV 



260 
..].. 



270 



280 



I 



290 
..|.. 



300 
..I 



VGSELIQKYLGDGPKLVR^FgVAEEHAPSlgiFgDElgAIGTKRYDSNSG 

vgseliqkylgdgpklvrelfrvaeehapsivfideidaigtkrydsnsg 
vgseliqkylgdgpklvrelfrvaeehapsivfideidaigtkrydsnsg 
vgseliqkylgdg pklvrelfrvaeehapsivf1deidaigtkrydsnsg 
vgseliqkylgdgpklvrelfrvaeehapsivfideidaigtkrydsnsg 
vgseltqkylgdgpklvrelfrvaeehEpsivfideidaigtkrydsnsg 



310 
. I . 



320 



330 



340 



350 



I ■ 



gereiogtmtolellnqlggfdsrgdvkvimatg^etldphlirpgrid 
gereiqrtmHlellnqldgfdsrgdvkvimatnrietldpalirpgrid 
gereiqrtmHlellnqldgfdsrgdvkvimatnrietldpalirpgrid 
gereiqrtmHlellnqldgfdsrgdvkvimatnrietldpalirpgrid 
gereiqrtmHlellnqldgfdsrgdvkvimatnrietldpalirpgrid 
gereiqrtmHlellnqldgfdsrgdvkvimatnrietldpalirpgrxd 



360 

..I.. 



370 



380 

..I.. 



390 



400 



jjK I E Fgl LP D EKTKK gil FQ I HT S RMT L Ajjj DVT L D D L I M AK D DqS G AD I KAI 

rkiefplpdektkkrifqihtsrmtladdvtlddlimakddlsgadikai 
rkiefplpdektkkrifqihtsrmtladdvtlddlimakddlsgadikai 
rkiefplpdektkkrifqihtsrmtladdvtlddlimakddlsgadika1 
rkiefplpdektkkrifqihtsrmtladdvtlddlimakddlsgadikai 
rkiefplpdektkkrifqihtsrmtladdvtld!3limakddlsgadikai 



410 
. . I.. 



420 



I 



I 



430 
..I.. 



440 



CTE AGLMALRE jgRMK^TNE D FKK SjjEgVL Y KKljjE G jj PE G L Y L 

cteaglmalrerrmkvtnedfkkskenvlykkqegtpeglyl 
cteaglmalrerrmkvtnedfkkskenvlykkqegtpeglyl 
cteaglmalrerrmkvtnedfkkskenvlykkqegtpeglyl' 
cteaglmalrerrmkvtnedfkkskenvlykkqegtpeglyl; 
cteaglmalrerrmkvtnedfkkskenBlykkHegtpeglyl! 



Tables 5E-F list the domain description from DOMAIN analysis results against NOV5. 
This indicates that the NOV5 sequence has properties similar to those of other proteins known 
to contain this domain. 
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Table 5E. Domain Analysis of NOV5 

gnl I Pfam |pfam00004 , AAA, ATPase family associated with various 
cellular activities (AAA) . AAA family proteins often perform 
chaperone-like functions that assist in the assembly, operation, 
disassembly of protein complexes {SEQ ID NO: 101) 
CD-Length - 186 residues, 100.0% aligned 
Score » 190 bits (483), Expect = le-49 



or 



10 



15 



NOV 4: 


221 


Sbjct: 


1 


NOV 4: 


281 


Sbjct : 


61 


NOV 4: 


341 


Sbjct: 


117 


NOV 4: 


4 01 


Sbjct: 


177 



GVILCGPPGTGKTLLAKAVANQTSATFLRWGSELIQKYLGDGPKLVRQVFQVAEEHAPS 280 

I I I 1 I I I I I I I I I 1 ! + 1+ + IIM+ 11 + 1+ i I I I +1 +1 + II 

GILLYGPPGTGKTLLAKAVAKELGVPFIEISGSELLSKYVGESEKLVRALFSLARKSAPC 60 

IMFTDEIEAIGTKRYDSNSGGEREIQQTMLELELLNQLGGFDSREDVKVIMATKQVETLD 340 
l + l I I 1 + 1+ I I I +1 + +1 I ++ I 1+ +1 I I I I ++ I I 

IIFIDEIDALAPKRGDVGTGDVSS RWNQL LT EMDG FEKL SNVI V I G ATNRP D LLD 116 



PVLIRPGRIDKKIEFHLPDEKTKKHIFQIHTSRMTLANDVTLDDLIMAKDDFSGADIKAI 
I l + l I I I I++I I I I 11+ + I +1 I + | I I | |++ I I I I 1+ | + 

PALLRPGRFDRRIEVPLPDEEERLEILKIHLKKKPLEKDVDLDEIARRTPGFSGADLAAL 



I I I I l + l 



400 



176 



20 



25 



30 



35 



Table 5F. Domain Analysis of NOV5 

gnl 1 Smart | smart00382 , AAA, ATPases associated with a variety of 
cellular activities; AAA. This profile/alignment only detects a 
fraction of this vast family. The poorly conserved N-terminal helix is 
missing from the alignment. (SEQ ID NO: 102) 
CD-Length = 151 residues, 100.0% aligned 
Score « 61.6 bits (148), Expect = 9e-ll 



NOV 4: 218 PPKGVILCGPPGTGKTLLAKAVANQTSATFLRW GSELIQK 258 

I + I++ llll+lll ll+l+l + |+ | 

Sbjct : 1 PGEWLIVGPPGSGKTTLARALARELGPDGGGVIYIDGEDLREEALLQLLRLLVLVGEDK 60 

NOV 4: 259 YLGDGPKLVRQVFQVAEEHAPSIMFTDEIEAIGTKRYDSNSGGEREIQQTMLELELLNQL 318 

I I + +1 +1 + I ++ I I I ++ + +1 I I I I 

Sbjct: 61 LSGSGGQRIRLALALARKLKPDVLILDEITSLLDAEQE ALLLLLEELLRLL -111 

NOV 4: 319 GGFDSREDVKVIMATKQVETLDPVLIRPGRIDKKIEFHLPD 359 

l+l II I I I l+l I I++I 

Sbjct : 112 LLLLKEEN VT VI ATTN DE T DL I PALLRR-R FDRRI VL LRI L 151 

Ubiquitinated proteins are degraded by a 26S ATP-dependent protease. The protease is 
composed of a 20S catalytic proteasome and 2 PA700 regulatory modules. The PA700 
complex is composed of multiple subunits, including at least 6 related ATPases and 
approximately 15 non-ATPase polypeptides. Tanahashi et al. (1998) stated that each of the 6 
ATPases, namely PSMC1, PSMC2 (154365), PSMC3 (186852), PSMC4 (602707), PSMC5 
(601681), and PSMC6 (602708), contains an AAA (ATPases associated with diverse cellular 
activities) domain (see PSMC5). Dubiel et al. (1992) cloned cDNAs encoding subunit 4 (S4) 
of the 26S protease by screening a HeLa cell cDNA library with probes that were produced 
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using the protein sequence. The 440-amino acid protein has a molecular mass of 51 kD by 
SDS-PAGE. By fluorescence in situ hybridization, Tanahashi et al. (1998) mapped the human 
PSMC1 gene to 19pl3.3. Hoyle and Fisher (1996) found that the human and mouse PSMC1 
proteins have 99% amino acid identity. They reported that the mouse Psmcl gene contains at 
least 11 exons. By analysis of an interspecific backcross, Hoyle and Fisher (1996) mapped the 
mouse Psmcl gene to chromosome 12. Nomenclature note: The PSMC1 gene product, which 
Dubiel et al. (1992) called subunit 4 (S4), is distinct from the PSMC4 (602707) gene product. 

The disclosed NOV5 nucleic acid of the invention encoding a 26S protease regulatory 
subunit 4 -like protein includes the nucleic acid whose sequence is provided in Table 5 A or a 
fragment thereof. The invention also includes a mutant or variant nucleic acid any of whose 
bases may be changed from the corresponding base shown in Table 5A while still encoding a 
protein that maintains its 26S protease regulatory subunit 4 -like activities and physiological 
functions, or a fragment of such a nucleic acid. The invention further includes nucleic acids 
whose sequences are complementary to those just described, including nucleic acid fragments 
that are complementary to any of the nucleic acids just described. The invention additionally 
includes nucleic acids or nucleic acid fragments, or complements thereto, whose structures 
include chemical modifications. Such modifications include, by way of nonlimiting example, 
modified bases, and nucleic acids whose sugar phosphate backbones are modified or 
derivatized. These modifications are carried out at least in part to enhance the chemical 
stability of the modified nucleic acid, such that they may be used, for example, as antisense 
binding nucleic acids in therapeutic applications in a subject, hi the mutant or variant nucleic 
acids, and their complements, up to about 7 percent of the bases may be so changed. 

The disclosed NOV5 protein of the invention includes the 26S protease regulatory 
subunit 4 -like protein whose sequence is provided in Table 5B. The invention also includes a 
mutant or variant protein any of whose residues may be changed from the corresponding 
residue shown in Table 5B while still encoding a protein that maintains its 26S protease 
regulatory subunit 4 -like activities and physiological functions, or a functional fragment 
thereof. In the mutant or variant protein, up to about 14 percent of the residues may be so 
changed. 

The protein similarity information, expression pattern, and map location for the 26S 
protease regulatory subunit 4-like protein and nucleic acid (NOV5) disclosed herein suggest 
that this NOV5 protein may have important structural and/or physiological functions 
characteristic of the 26S protease regulatory subunit 4 family. Therefore, the NOV5 nucleic 
acids and proteins of the invention are useful in potential diagnostic and therapeutic 
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applications. These include serving as a specific or selective nucleic acid or protein diagnostic 
and/or prognostic marker, wherein the presence or amount of the nucleic acid or the protein 
are to be assessed, as well as potential therapeutic applications such as the following: (i) a 
protein therapeutic, (ii) a small molecule drug target, (iii) an antibody target (therapeutic, 
5 diagnostic, drug targeting/cytotoxic antibody), (iv) a nucleic acid useful in gene therapy (gene 
delivery/gene ablation), and (v) a composition promoting tissue regeneration in vitro and in 
vivo. 

The NOV5 nucleic acids and proteins of the invention are useful in potential diagnostic 
and therapeutic applications implicated in various diseases and disorders described below. For 

10 example, the compositions of the present invention will have efficacy for treatment of patients 
suffering from cataract and Aphakia, Alzheimer f s disease, neurodegenerative disorders, 
inflammation and modulation of the immune response, viral pathogenesis, aging-related 
disorders, neurologic disorders, cancer and/or other pathologies. The NOV5 nucleic acids, or 
fragments thereof, may further be useful in diagnostic applications, wherein the presence or 

1 5 amount of the nucleic acid or the protein are to be assessed. 

NOV5 nucleic acids and polypeptides are further useful in the generation of antibodies 
that bind immunospecifically to the novel substances of the invention for use in therapeutic or 
diagnostic methods. These antibodies may be generated according to methods known in the 
art, using prediction from hydrophobicity charts, as described in the "Anti-NOVX Antibodies" 

20 section below. For example, the disclosed NOV5 protein has multiple hydrophilic regions, 
each of which can be used as an immunogen. In one embodiment, a contemplated NOV5 
epitope is from about amino acids 5 to 50. In another embodiment, a NOV5 epitope is from 
about amino acids 75 to 125. In additional embodiments, NOV5 epitopes are from about 
amino acids 175 to 225, from about amino acids 280 to 320, from about amino acids 330 to 

25 380, and from about amino acids 390 to 440. These novel proteins can be used in assay 

systems for functional analysis of various human disorders, which will help in understanding 
of pathology of the disease and development of new drug targets for various disorders. 

NOV6 

30 A disclosed NOV6 nucleic acid of 1020 nucleotides (also referred to as 

GMAC073364_A_dal) encoding a novel MTTSUGUMIN29-like protein is shown in Table 
6A. An open reading frame was identified beginning with an ATG initiation codon at 
nucleotides 2-4 and ending with a TAA codon at nucleotides 818-820. Putative untranslated 
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regions upstream from the initiation codon and downstream from the termination codon are 
underlined in Table 6A, and the start and stop codons are in bold letters. 



Table 6A. NOV6 Nucleotide Sequence (SEQ ID NO:17) 

CATGTCCTCGACCGAGAGCGCCGGCCGCACGGCGGACAAGTCGCCGCGCCAGCAGGTGGACC 
GCCTACTCGTGGGGCTGCGCTGGCGGCGGCTGGAGGAGCCGCTGGGCTTCATCAAAGTTCTC 
CAGTGGCTCTTTGCTATTTTCGCCTTCGGGTCCTGTGGCTCCTACAGCGGGGAGACAGGAGC 
AATGGTTCGCTGCAACAACGAAGCCAAGGACGTGAGCTCCATCATCGTTGCATTTGGCTATC 
CCTTCAGGTTGCACCGGATCCAATATGAGATGCCCCTCTGCGATGAAGAGTCCAGCTCCAAG 
ACCATGCACCTCATGGGGGACTTCTCTGCACCCGCCGAGTTCTTCGTGACCCTTGGCATCTT 
TTCCTTCTTCTATACCATGGCTGCCCTAGTTATCTACCTGCGCTTCCACAACCTCTACACAG 
AGAACAAACGCTTCCCGCTGGTGGACTTCTGTGTGACTGTCTCCTTCACCTTCTTCTGGCTG 
GTAGCTGCAGCTGCCTGGGGCAAGGGCCTGACCGATGTCAAGGGGGCCACACGACCATCCAG 
CTTGACAGCAGCCATGTCAGTGTGCCATGGAGAGGAAGCAGTGTGCAGTGCCGGGGCCACGC 
CCTCTATGGGCCTGGCCAACATCTCCGTGCTCTTTGGCTTTATCAACTTCTTCCTGTGGGCC 
GGGAACTGTTGGTTTGTGTTCAAGGAGACCCCGTGGCATGGACAGGGCCAGGGCCAGGACCA 
GGACCAGGACCAGGACCAGGGCCAGGGTCCCAGCCAGGAGAGTGCAGCTGAGCAGGGAGCAG 
TGGAGAAGCAGTAAGCAGCCCCCCACCT 



The NOV6 nucleic acid was identified on chromosome 3 and has 727 of 805 bases 
(90%) identical to a gb:GENBANK-ID:AB004816|acc:AB004816.1 mRNA from Oryctolagus 
cuniculus {Oryctolagus cuniculus mRNA for mitsugumin29, complete cds (E = 2.5e~ 142 ). 

A disclosed NOV6 polypeptide (SEQ ID NO: 18) encoded by SEQ ID NO: 1 7 is 272 
amino acid residues and is presented using the one-letter code in Table 6B. Signal P, Psort 
and/or Hydropathy results predict that NOV6 has a signal peptide and is likely to be localized 
on the plasma membrane with a certainty of 0.6000. In other embodiments, NOV6 may also 
be localized to the Golgi body with acertainty of 0.4000, the endoplasmic reticulum 
(membrane) with a certainty of 0.3000, or the nucleus with a certainty of 0.1000. The most 
likely celavage site for NOV6 is between positions 57 and 58, SYS-GE. 



Table 6B. Encoded NOV6 protein sequence (SEQ ID NO:18) 

MSSTESAGRTADKSPRQQVDRLLVGLRWRRLEEPLGFIKVLQWLFAIFAFGSCGSYSGETGAMVRCNNEAKD 
VSSIIVAFGYPFRLHRIQYEMPLCDEESSSKTMHLMGDFSAPAEFFVTLGIFSFFYT^4AALVIYLRFHNLYT 
ENKRFPLVDFCVTV SFTFFWLVAAAAWGKGLTDVKGATRPS SLTAAMS VCHGEEAVCSAGAT PSMGLAN I S V 
LFGFINFFLWAGNCWFVFKETPWHGQGQGQDQDQDQDQGQGPSQESAAEQGAVEKQ 



The disclosed NOV6 amino acid sequence has 727 of 805 amino acid residues (90%) 
identical to, and 727 of 805 amino acid residues (90%) similar to, the 3489 amino acid residue 
gb:GENBANK-ED:AB004816|acc:AB004816.1 protein from Oryctolagus cuniculus 
(Oryctolagus cuniculus mRNA for mitsugumin29, complete cds) (E = 2.5e~ 142 ). 

Based on the semi quantitative PCR, NOV6 is specially expressed in: Skeletal muscle, 
Heart, Kidney, Adrenal gland and one of the Lung cancer cell lines (Lung cancer NCI-H522 ) 
at a measurably higher level than the following tissues: Endothelial cells, Pancreas, Thyroid, 
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Salivary gland, Pituitary gland, Brain (fetal), Brain (whole), Brain (amygdala), Brain 
(cerebellum), Brain (hippocampus), Brain (thalamus), Cerebral Cortex, Spinal cord, Bone 
marrow, Thymus, Spleen, Lymph node, Colorectal, Stomach, Small intestine, Bladder, 
Trachea, Kidney (fetal), Liver, Liver (fetal), Lung, Lung (fetal), Mammary gland, Ovary, 
Uterus, Placenta, Prostate, Testis, Melanoma, Adipose and cancer cell lines including Breast 
cancer, CNS cancer, Colon cancer, Gastric cancer, Lung cancer (except Lung cancer NCI- 
H522 ), Ovarian cancer, Pancreatic cancer, and Renal cancer. 

In addition, NOV6 is predicted to be expressed in skeletal muscle because of the 
expression pattern of (GENB ANK-ID : gb:GENBANK-ID:AB004816|acc:AB004816.1) a 
closely related mitsugumin29 homolog in Oryctolagus cuniculus. 

NOV6 also has homology to the amino acid sequences shown in the BLASTP data 
listed in Table 6C. 



Table 6C. BLAST results for NOV6 


Gene Index/ 
Identifier 


Protein/ Organism 


Length 
(aa) 


Identity 
(%) 


Positives 
(%) 


Expect 


gil3077703|dbj |BAA2 
5784.11 (AB004816) 


mitsugumin29 
[Oryctolagus 
cuniculus] 


264 


252/272 
(92%) 


256/272 
(93%) 


e-136 


gil 6678874 Iref |NP 0 
32622. 1| 
(NM 008596) 


mitsugumin 29 
[Mus mus cuius] 


264 


246/272 
(90%) 


258/272 
(94%) 


e-133 


gi|12836843|dbj | BAB 
23831.11 (AK005132) 


putative [Mus 
mus cuius ] 


285 


118/251 
(47%) 


158/251 
(62%) 


7e-59 


gi|1351168|splP2048 
8 | SYPHJBOVIN 


S YNAPTOPHYS IN 
(MAJOR SYNAPTIC 
VESICLE PROTEIN 
P38) 


307 


109/221 
(49%) 


145/221 
(65%) 


3e-58 


gi|21344l3|pir| |I50 
720 


synaptophysin I la 
- chicken 


268 


109/217 
(50%) 


142/217 
(65%) 


4e-57 



1 5 The homology of these sequences is shown graphically in the ClustalW analysis shown 

in Table 6D. 

Table 6D Clustal W Sequence Alignment 



20 



25 



30 



1) NOV6 (SEQ ID NO: 18) 

2) gi 1 3077703 1 dbj |BAA25784.1| (AB0O4816) mitsugumin29 [Oryctolagus cuniculus] (SEQ 
ID NO:57) 

3) gi| 6678874 Iref | NP__032622. 1| (NM_008596) mitsugumin 29 [Mus musculus] (SEQ ID 
NO:58) 

4) gi| 12835643 | dbj |BAB23831.1| (AK005132) putative [Mus musculus] (SEQIDNO:59) 

5) gi 11351168 I sp|P20488\SYPH_BOVIN SYNAPTOPHYSIN (MAJOR SYNAPTIC VESICLE PROTEIN 
P38) (SEQ ID NO: 60) 

6) gi| 2134413 Ipir | 1 150720 synaptophysin Ila - chicken (SEQ ID NO: 61) 



NOV6 

gi|3077703| 
gi| 6678874 I 



10 

MS STES AGRTADKS PRQQj 
MS STE SPSRAADKS PRQC 
MSSTESPGRTSDKSPRC 



20 



30 



40 



50 



lgeplgf" kvlqwlfaifaf 
lgeplgf " kvlqwlfaifaf; 
SElSeplgfHkvlqwlfaifaf' 
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gi | 12836843 | 
gi | 1351168 | 
gi | 2134413 | 



NOV6 

gi|3077703| 
gi | 6678874 | 
gi| 12836843 | 
gi | 1351168) 
giI2134413| 



NOV 6 

gi|3077703| 
gi | 6678874 | 
gi|12836843| 
gi|1351168| 
gi|2134413| 



NOV6 

gi|3077703| 
gi|6678874I 
gi)l2836843) 
gi (1351168! 
gi|2134413| 



NOV6 

gi|3077703| 
gil6678874l 
gi|12836843| 
gi!1351168| 
gi 12134413 | 



NOV 6 

gi|3077703| 
gi]6678874| 
gi|12836843| 
gi | 1351168 | 
gi | 2134413 | 



NOV6 

gi|3077703| 
gi I 6678874 | 
gi | 12836843 | 
gi 1 1351168 | 
gi|2134413| 



PCT7US0 1/48922 



-MD PfflspVAS AGTf 




ISSggRYLSDP 
PFLRAPPGA 
S^RHAADT 




260 
..I.. 



270 



280 



SSSYnB --RYN 
PAPGDAYGQAGYgSS jGGYGPj 
SSGYnHT-GYN 




290 
..|.. 



300 



GYS QQAN L 

gGYQPDYGQPASSGGGGY 
TO QPGS Y 



310 
.•I.. 



320 



I. ...|. ...| 

gVEK 



fcVEK 

GPTSDEFGQQP — . — SGPT&E 

g pqg- dygqqgygpqgapt!sfsnRk 

GQVG-DYGQPQSYGQSGPTjsFANg 



Table 6E lists the domain description from DOMAIN analysis results against NOV6. 
This indicates that the NOV6 sequence has properties similar to those of other proteins known 
to contain this domain. 
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Table 6E. Domain Analysis of NOV6 

qnl I Pf am j pf am012 8 4 , Synaptophysin, Synaptophysin / synaptoporin. (SEQ 
ID NO:103) 

CD-Length « 298 residues, 70.8% aligned 
Score = 244 bits (622), Expect = 6e-66 



NOV 5: 


29 


RRLEEPLGFIKVLQWLFAIFAFGSCGSYSGETGAMVRCNNEAKDVSSIIVAFGYPFRLHR 


88 






+ im + iim+iiiiti +11 mi i i i+ + +i +ii iiiiii 




Sbjct: 


3 


MV I FAPLGFVKVLQWVFAI FAFATCGGYSGELQLS VDCANKTES DLNI DIAFAYPFRLHE 


62 


NOV 5: 


89 


IQYEMPLCDEESSSKTMHLMGDFSAPAEFFVTLGIFSFFYTMAALVIYLRFHNLYTENKR 


148 






+ +1 1 1 1 1 + l+ll 1+ 111111+ +1+1 I++III 1+ 1 1 1 11 + 




Sbjct: 


63 


VTFEAPTC-EGDEKKNIALVGDS S S SAEFFVTVAVFAFLYSLAALATYI FFQNKYRENNK 


121 


NOV 5: 


149 


FPLVDFCVT VS FT FFWLVAAAAVJGKGLT DVKGATRP S SLT AAM S VCHGEEAVCSAGAT PS 


208 






11+11 1 1 1 III ++II lll+lll 111+ III 1 1 




Sbjct: 


122 


GPL I DFIATAVFAFLWLVGS SAWAKGLS DVKMATDPEE I IKGMHACHQPGNKCKELHDPV 


181 


NOV 5: 


209 


MGLANISVLFGFINFFLWAGNCWFVFBCETPWH 240 








i i it+iii + ii inn mill) i 




Sbjct: 


182 


MSGLNTSWFGFLNFILWAGNIWFVFKETGWA 213 





In skeletal muscle, excitation-contraction (E-C) coupling requires the conversion of the 
depolarization signal of the invaginated surface membrane, namely the transverse (T-) tubule, 

20 to Ca2+ release from the sarcoplasmic reticulum (SR) (Takeshima H et al., Biochem J 1998 
Apr 1;331 ( Pt l):317-22 / PMID: 9512495, UI: 98180964). Signal transduction occurs at the 
j unctional complex between the T-tubule and SR, designated as the triad junction, which 
contains two components essential for E-C coupling, namely the dihydropyridine receptor as 
the T-tubular voltage sensor and the ryanodine receptor as the SR Ca2+-release channel. 

25 However, functional expression of the two receptors seemed to constitute neither the signal- 
transduction system nor the junction between the surface and intracellular membranes in 
cultured cells, suggesting that some as-yet-unidentified molecules participate in both the 
machinery. In addition, the molecular basis of the formation of the triad junction is totally 
unknown. It is therefore important to examine the components localized to the triad junction. 

30 Takeshima et al. report the identification using monoclonal antibody and primary structure by 
cDNA cloning of mitsugumin29, a novel transmembrane protein from the triad junction in 
skeletal muscle. This protein is homologous in amino acid sequence and shares characteristic 
structural features with the members of the synaptophysin family. The subcellular distribution 
and protein structure suggest that mitsugumin29 is involved in communication between the T- 

35 tubular and junctional SR membranes. 

Physiological roles of the members of the synaptophysin family, carrying four 
transmembrane segments and being basically distributed on intracellular membranes including 
synaptic vesicles, have not been established yet (Nishi M et al, J Cell Biol 1999 Dec 
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27;147(7):1473-80 / PMID: 10613905, UI: 20082885). Recently, mitsugumin29 (MG29) was 
identified as a novel member of the synaptophysin family from skeletal muscle. MG29 is 
expressed in the junctional membrane complex between the cell surface transverse (T) tubule 
and the sarcoplasmic reticulum (SR), called the triad junction, where the depolarization signal 
is converted to Ca(2+) release from the SR. In this study, Nishi et al. examined biological 
functions of MG29 by generating knockout mice. The MG29-deficient mice exhibited normal 
health and reproduction but were slightly reduced in body weight. Ultrastructural 
abnormalities of the membranes around the triad junction were detected in skeletal muscle 
from the mutant mice, i.e., swollen T tubules, irregular SR structures, and partial misformation 
. of triad junctions. In the mutant muscle, apparently normal tetanus tension was observed, 
whereas twitch tension was significantly reduced. Moreover, the mutant muscle showed faster 
decrease of twitch tension under Ca(2+)-free conditions. The morphological and functional 
abnormalities of the mutant muscle seem to be related to each other and indicate that MG29 is 
essential for both refinement of the membrane structures and effective excitation-contraction 
coupling in the skeletal muscle triad junction. These results further imply a role of MG29 as a 
synaptophysin family member in the accurate formation of junctional complexes between the 
cell surface and intracellular membranes. 

The temporal appearance and subcellular distribution of mitsugumin29 (MG29), a 29- 
kDa transmembrane protein isolated from the triad junction in skeletal muscle, were examined 
by immunohistochemistry during the development of rabbit skeletal muscle (Komazaki S et 
al., Dev Dyn 1999 Jun;215(2):87-95 / PMID: 10373013, UI: 99300228). MG29 appeared in 
the sarcoplasmic reticulum (SR) in muscle cells at fetal day 15 before the onset of transverse 
tubule (T tubule) formation. In muscle cells at fetal day 27, in which T tubule and triad 
formation is ongoing, both SR and triad were labeled for MG29. In muscle cells at newborn 1 
day, the labeling of the SR had become weak and the triads were well developed and clearly 
labeled for MG29. Specific and clear labeling for MG29 was restricted to the triads in adult 
skeletal muscle cells. When MG29 was expressed in amphibian embryonic cells by injection 
of the cRNA, a large quantity of tubular smooth-surfaced endoplasmic reticulum (sER) was 
formed in the cytoplasm. The tubular sER was 20-40 nm in diameter and appeared straight or 
reticular in shape. The tubular sER was formed by the fusion of coated vesicles [budded off 
from the rough-surfaced endoplasmic reticulum (rER)] and vacuoles of rER origin. The 
present results suggest that MG29 may play important roles both in the formation of the SR 
and the construction of the triads during the early development of skeletal muscle cells. 
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Recently mitsugumin29 unique to the triad junction in skeletal muscle was identified 
as a novel member of the synaptophysin family; the members of this family have four 
transmembrane segments and are distributed on intracellular vesicles. In this study, Shimuta et 
al. FEBS Lett 1998 Jul 17;431(2):263-7 / PMID: 9708916, UI: 98372647, isolated and 
5 analyzed mouse mitsugumin29 cDNA and genomic DNA containing the gene. The 

mitsugumin29 gene mapped to the mouse chromosome 3 F3-H2 is closely related to the 
synaptophysin gene in exon-intron organization, which indicates their intimate relationship in 
molecular evolution. RNA blot hybridization and immunoblot analysis revealed that 
mitsugumin29 is expressed abundantly in skeletal muscle and at lower levels in the kidney. 

1 0 Immunofluorescence microscopy demonstrated that mitsugumin29 exists specifically in 

cytoplasmic regions of the proximal and distal tubule cells in the kidney. The results obtained 
may suggest that mitsugumin29 is involved in the formation of specialized endoplasmic 
reticulum systems in skeletal muscle and renal tubule cells. 

The disclosed NOV6 nucleic acid of the invention encoding a MTTSUGUMIN29 -like 

15 protein includes the nucleic acid whose sequence is provided in Table 6A or a fragment 

thereof. The invention also includes a mutant or variant nucleic acid any of whose bases may 
be changed from the corresponding base shown in Table 6A while still encoding a protein that 
maintains its MTTSUGUMIN29 -like activities and physiological functions, or a fragment of 
such a nucleic acid. The invention further includes nucleic acids whose sequences are 

20 complementary to those just described, including nucleic acid fragments that are 

complementary to any of the nucleic acids just described. The invention additionally includes 
nucleic acids or nucleic acid fragments, or complements thereto, whose structures include 
chemical modifications. Such modifications include, by way of nonlimiting example, 
modified bases, and nucleic acids whose sugar phosphate backbones are modified or 

25 derivatized. These modifications are carried out at least in part to enhance the chemical 

stability of the modified nucleic acid, such that they may be used, for example, as antisense 
binding nucleic acids in therapeutic applications in a subject. In the mutant or variant nucleic 
acids, and their complements, up to about 10 percent of the bases may be so changed. 

The disclosed NOV6 protein of the invention includes the MITSUGUMIN29 -like 

30 protein whose sequence is provided in Table 6B. The invention also includes a mutant or 

variant protein any of whose residues may be changed from the corresponding residue shown 
in Table 6B while still encoding a protein that maintains its MTTSUGUMIN29-like activities 
and physiological functions, or a functional fragment thereof. In the mutant or variant protein, 
up to about 10 percent of the residues may be so changed. 
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The NOV6 nucleic acids and proteins of the invention are useful in potential 
therapeutic applications implicated in eye/lens disorders including but not limited to muscular 
dystrophy, Lesch-Nyhan syndrome, myasthenia gravis, diabetes, autoimmune disease, renal 
artery stenosis, interstitial nephritis, glomerulonephritis, polycystic kidney disease, systemic 
5 lupus erythematosus, renal tubular acidosis, IgA nephropathy, hypercalceimia, 

cardiomyopathy, atherosclerosis, hypertension, congenital heart defects, aortic stenosis, atrial 
septal defect (ASD), atrioventricular (A-V) canal defect, ductus arteriosus, pulmonary 
stenosis, subaortic stenosis, ventricular septal defect (VSD), valve diseases, tuberous sclerosis, 
scleroderma, obesity, transplantation, adrenoleukodystrophy , congenital adrenal hyperplasia, 

10 and other diseases, disorders and conditions of the like. Also since the invention is highly 
expressed in one of the lung cancer cell lines (Lung cancer NCI-H522 ), it may be useful in 
diagnosis and treatment of this cancer. The NOV6 nucleic acid, or fragments thereof, may 
further be useful in diagnostic applications, wherein the presence or amount of the nucleic acid 
or the protein are to be assessed. 

1 5 NOV6 nucleic acids and polypeptides are further useful in the generation of antibodies 

that bind immunospecifically to the novel substances of the invention for use in therapeutic or 
diagnostic methods. These antibodies may be generated according to methods known in the 
art, using prediction from hydrophobicity charts, as described in the "Anti-NOVX Antibodies" 
section below. For example the disclosed NOV6 protein have multiple hydrophilic regions, 

20 each of which can be used as an immunogen. In one embodiment, contemplated NOV6 
epitope is from about amino acids 10 to 40. In other embodiments, NOV6 epitope is from 
about amino acids 60 to 70, from about amino acids 90 to 130, from about amino acids 145 to 
155, from about amino acid 170 to 180, and from about amino acids 220 to 270. This novel 
protein also has value in development of powerfid assay system for functional analysis of 

25 various human disorders, which will help in understanding of pathology of the disease and 
development of new drug targets for various disorders. 

NOV7 

A disclosed NOV7 nucleic acid of 1020 nucleotides (also referred to as 
30 10697321 1 JBXT) encoding a novel Wnt-15-like protein is shown in Table 7A. An open 

reading frame was identified beginning with an CTG initiation codon at nucleotides 2-4 and 
ending with a TAG codon at nucleotides 995-997. A putative untranslated region upstream 
from the initiation codon and downstream from the termination codon is underlined in Table 
7A, and the start and stop codons are in bold letters. Since the starting codon is not a 
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traditional initiation codon, NOV7 could represent a partial reading frame, and could further 
extend in the 5' direction. 



Table 7A. NOV7 Nucleotide Sequence (SEQ ID NO:19) 

CCTGACCGGGCGGGAAGTCCTGACGCCCTTCCCAGGATTGGGCACTGCGGCAGCCCCGGCACAGGGCGGG 
GCCCACCTGAAGCAGTGTGACCTGCTGAAGCTGTCCCGGCGGCAGAAGCAGCTCTGCCGGAGGGAGCCCG 
GCCTGGCTGAGACCCTGAGGGATGCTGCGCACCTCGGCCTGCTTGAGTGCCAGTTTCAGTTCCGGCATGA 
GCGCTGGAACTGTAGCCTGGAGGGCAGGATGGGCCTGCTCAAGAGAGGCTTCAAAGAGACAGCTTTCCTG 
TACGCGGTGTCCTCTGCCGCCCTCACCCACACCCTGGCCCGGGCCTGCAGCGCTGGGCGCATGGAGCGCT 
GCACCTGTGATGACTCTCCGGGGCTGGAGAGCCGGCAGGCCTGGCAGTGGGGCGTGTGCGGTGACAACCT 
CAAGTACAGCACCAAGTTTCTGAGCAACTTCCTGGGGTCCAAGAGAGGAAACAAGGACCTGCGGGCACGG 
GCAGACGCCCACAATACCCACGTGGGCATCAAGGCTGTGAAGAGTGGCCTCAGGACCACGTGTAAGTGCC 
ATGGCGTATCAGGCTCCTGTGCCGTGCGCACCTGCTGGAAGCAGCTCTCCCCGTTCCGTGAGACGGGCCA 
GGTGCTGAAACTGCGCTATGACTCGGCTGTCAAGGTGTCCAGTGCCACCAATGAGGCCTTGGGCCGCCTA 
GAGCTGTGGGCCCCTGCCAGGCAGGGCAGCCTCACCAAAGGCCTGGCCCCAAGGTCTGGGGACCTGGTGT 
ACATGGAGGACTCACCCAGCTTCTGCCGGCCCAGCAAGTACTCACCTGGCACAGCAGGTAGGGTGTGCTC 
CCGGGAGGCCAGCTGCAGCAGCCTGTGCTGCGGGCGGGGCTATGACACCCAGAGCCGCCTGGTGGCCTTC 
TCCTGCCACTGCCAGGTGCAGTGGTGCTGCTACGTGGAGTGCCAGCAATGTGTGCAGGAGGAGCTTGTGT 
ACACCT GCAAGC ACTAGGC CT ACT GCC C AGCAAG CCAGT C 



5 The disclosed NOV7 nucleic acid sequence , located on chromosome 17, has 688 of 

1009 bases (68%) identical to a gb:GENBANK-ID:AF031168|acc:AF031168.1 mRNA from 
Gallus gallus {Gallus gallus Wnt-14 protein (Wnt-14) mRNA, complete cds) (E = 3.0e" 76 ). 

A disclosed NOV7 polypeptide (SEQ ID NO:20) encoded by SEQ ID NO: 19. is 33 1 
amino acid residues and is presented using the one-letter amino acid code in Table 7B. Signal 
10 P, Psort and/or Hydropathy results predict that NOV7 contains no signal peptide and is likely 
to be localized in the cytoplasm with a certainty of 0.4500. In other embodiments, NOV7 is 
also likely to be localized to the microbody (peroxisome) with a certainty of 0.3000, the 
mtochondrial matrix space with a certainty of 0. 1000, or to the lysosome (lumen) with a 
certainty of 0.1 000. 

15 



Table 7B. Encoded NOV7 protein sequence (SEQ ID NO:20), 

LTGREVLTPFPGLGTAAAPAQGGAHLKQCDLLKLSRRQKQLCRR^ 

LEGRMGLLKRGFKETAFLYAVSSAALTHTLARACSAGRMERCTCDDSPGLESRQAWQWGVCGDNLKYSTKFLSNF 
LGSKRGNKDLRARADAHNTHVGIKAVKSGLRTTCKCHGVSGSCAVRTCWKQLSPFRETGQVLKLRYDSAVKVSSA 
TNEALGRLELWAPARQGSLTKGLAPRSGDLVYMEDSPSFCRPSKYSPGTAGRVCSREASCSSLCCGRGYDTQSRL 
VAFSCHCQVQWCCYVECQQCVQEELVYTCKH 



The disclosed NOV7 amino acid sequence has 205 of 330 amino acid residues (62%) 
identical to, and 252 of 330 amino acid residues (76%) similar to, the 354 amino acid residue 
ptnr:SWISSPROT-ACC:O42280 protein from Gallus gallus (Chicken) (WNT-14 Protein 
20 Precursor) (E-1.3e IM ). 
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The tissue expression of NOV7 is predicted to be expressed in brain because of the 
expression pattern of (GENBANK-E): gb:GENBANK-ID:AF031168!acc:AF031168.1) a 
closely related Gallus gallus Wnt-14 protein (Wnt-14) mKNA, complete cds homolog. 

NOV7 also has homology to the amino acid sequences shown in the BLASTP data 
listed in Table 7C. 



Table 7C. BLAST results for NOV7 



Gene Index/ 
Identifier 


Protein/ Organism 


Length 
(aa) 


Identity 
(%) 


Positives 
(%) 


Expect 


gil 16303264 |dbj 1 BAB 
70499.11 (AB063483) 


WNT14B [Homo 
sapiens] 


357 


330/331 
(99%) 


330/331 
(99%) 


e-175 


gi|3915306|sp|O4228 
0|WN14 CHICK 


WNT-14 PROTEIN 
PRECURSOR 


354 


204/332 
(61%) 


253/332 
(75%) 


e-109 


gil 15082261 |ref|NP__ 

003386.11 

<NMJ)03395) 


wingless-type 
MMTV integration 
site family, 
member 14' [Homo 
sapiens] 


365 


209/335 
(62%) 


255/335 
(75%) 


e-108 


gi|139748|sp|P10108 
}WNTl_XENLA 


WNT-1 PROTEIN 
PRECURSOR (XWNT- 
1) (XINT-1) 


371 


120/313 
(38%) 


175/313 
(55%) 


5e-58 


gi]3024851|sp]O1490 
5|WN15 HUMAN 


WNT-15 PROTEIN 


120 


120/120 
(100%) 


120/120 
(100%) 


2e-56 



The homology of these sequences is shown graphically in the ClustalW analysis shown 
in Table 7D. 



Table 7D Information for the ClustalW proteins 



1) NOV7 (SEQ ID NO: 20) 

2) gi|16303264|dbj IBAB70499.il (AB063483) WNT14B [Homo sapiens] (SEQ ID NO:62) 

3) gi | 3915306 1 sp | O42280 I WN14_CHICK WNT-14 PROTEIN PRECURSOR (SEQ IDNO:63) 

4) gi| 15082261 1 ref ]NP_003386. 1 1 (NMJ)03395) wingless-type MMTV integration site 
family, member 14 [Homo sapiens] (SEQ ID NO: 64) 

5) gi 1 139748 | sp | P10108 I WNT1_XENLA WNT-1 PROTEIN PRECURSOR (XWNT-1) (XINT-1) (SEQ ID 
NO: 65) 

6) gi| 3024851 1 sp| 014 905 |WN15_HUMAN WNT-15 PROTEIN (SEQ ID NO: 66) 



NOV7 

gi| 16303264 | 
gi|3915306| 
gil 15082261 1 
gil 139748 | 
gi|3024851| 



10 
. I . . 



20 



I. 



30 
.1.. 



40 
.1.. 



50 



MR P P P ALALAG L CfflL AL P AAAA3 Y FG 

MALLRALLG— LgACTPRPjSAAYFG 

MLDGS PLARWLAAAFGLTlBlAALRP^YFG 





MRILT FLLGLKTgWVLAFS^L^NT I AVNN SGKWWGI V^TVAS AG 



NOV7 

gil 16303264 I 

gi|3915306! 

gi|15082261| 

gi|139748| 

gi!3024851| 



NOV7 




110 
I. 



120 
. . . I . « 
»[^iG— 



130 
..!.. 



140 



I 



150 
..I 



LLKRGFKETAFLYAfi 
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gi| 16303264 | 
gi|3915306| 
gi| 150822611 
gi 1139748 | 
gi|3024851| 



NOV7 

gi 1 16303264 | 
gi|3915306| 
gi 1 15082261 1 
gi|l39748| 
gi|3024851| 



PCT/US01/48922 




200 



NOV7 

gi 116303264 I 
gi 1 3915306 1 
gi 1 15082261 1 
gi 1 139748 | 
gi I 3024851 1 




NOV7 

gi 116303264 | 

gi!3915306| 

giU5082261J 

gi|139748| 

gi!3024851| 




290 
.1. 

|sltkg: 
,tkg: 

PjS— KSIPGHSDQI 
p[3GRAS§ftGGSDPL 

rwgsrsd@ph — ijspenpthal 
.tkg: 




N0V7 

gi 1 16303264 1 
gi|3915306| 
gi 1 15082261 1 
gi 1139748 I 
gi|3024851| 




360 



N0V7 




AFS 




gi|16303264 1 




AFS 




gi!3915306| 




TRP 




giU5082261| 




TRP 


i 


gi|139748! 




TERM 


gi|3024851| 







370 



380 




Tables 7E and 7F list the domain descriptions from DOMAIN analysis results against 
N0V7. This indicates that the N0V7 sequence has properties similar to those of other 
proteins known to contain this domain. 



Table 7E. Domain Analysis of NOV7 

gnllPfamlpfamOOHO , wnt, wnt family. (SEQ ID NO: 104) 
CD-Length = 313 residues, 97.8% aligned 
Score = 268 bits (684), Expect » 5e-73 
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NOV 6: 


34 


LSRRQKQLCRREPGLAETLRDAAHLGLLECQFQFRHERWNCSLEGRMGL LKRGFK 


88 






1 I 1 1 + II 1 1 1 1 + ++ + 1 1 + 1 1 1 1 1 1 Mill l ++ 1 1 + 1 + 




Sbjct: 


8 


LSPRQRQLCRRNPDVMASVSEGAQLAIQECQHQFRGRRWNCSTLDRLRWFGKVLKKGTR 


o / 


NOV 6: 


89 


ETAFLYAVSSAALTHTLARACSAGRMERCTCDDSPG-LESRQAWQWGVCGDNLKYSTKFL 


147 






1 1 M + M + l II + I + MM | +1 1 II I + +1 1 1 1 1 1 +1 




Sbj ct: 


68 


ETAFVYAISSAGVAHAVTRACSEGELESCGCDYKKGPGGPQGSWQWGGCSDNVEFGIRFS 


127 


NOV 6: 


148 


SNFLGSKRGNKDLRARADAHNTHVGIKAVKSGLRTTCKCHGVSGSCAVRTCWKQLSPFRE 


207 






|+ ++ +11+ + M 1 1 11 II + l 1 M 1 1 1 1 1 1 II I I i 




Sbjct: 


128 


REFVDARERERDARSLMNLHNNEAGRKAVKSHMRRECKCHGVSGSCSMKTCWLSLPDFRA 


187 


NOV 6: 


208 


TGQVLKLRYDSAVKVSSATNEALGRLELWAPARQGSLTKGLAPRSGDLVYMEDSPSFCR- 


266 






I M+III++I 1 + II + 1 MII + IIM+1 




Sbjct: 


188 


VGDALKDKYDGAIRV— EPNKRGMGQGSAPRLVAKNPRFKPPTRSDLVYLEDSPDYCER 


244 


NOV 6: 


267 


- PSKYS PGTAGRVCSREA SCSSLCCGRGyDTQSRIiVAFSCHCQVQ^CCyVECOQCV 


321 






1 I || IMI++ + 1 IMIIII + II 1 + 1+ MIII + I++I 




Sbjct: 


245 


DRSTGSLGTQGRVCNKTSKGLDGCELLCCGRGYNTQQVERTEKCNCKFHWCCYVKCEECQ 


304 


NOV 6: 


322 


QfJELVYTCK 330 








+ l+lll 




Sbjct: 


305 


EWEVHTCK 313 





25 



30 



35 



40 



45 



Table 7F. Domain Analysis of NOV7 

(SEQ ID NO: 105) 



qnl I Smart I smart00097 , WNT1, found in Wnt-1 
CD-Length = 304 residues, 98.7% aligned 
Score = 248 bits (632), Expect = 5e-67 



NOV 6: 


34 


Sbjct: 


5 


NOV 6: 


90 


Sbjct: 


65 


NOV 6: 


150 


Sbjct: 


125 


NOV 6: 


209 


Sbjct: 


185 


NOV 6: 


267 


Sbjct: 


237 


NOV 6: 


323 


Sbjct: 


297 



FLGSK-RGNKDLRARADAHNTHVGIKAVKSGLRTTCKCHGVSGSCAVRTCWKQLSPFRET 

1+ ++ I I M + M I Mi ++ M I I 1 1 I I I l + l + l 1 1 II Ml 

FVDARERRGSDARALMNLHNNEAGRLAVKKTMKRECKCHGVSGSCSVKTCWLQLPEFREI 
GQ VLKLR YD S AVKV S S ATNE ALGRLE LWAPARQG S LTKGLAPRSG D L V YME DSPSFC — R 

I 1 1 +11 I +1 .1 + I + II M + l I I II 

GDYLKEKYDGASEV-VLDKRGTRGLVPANRDFK PPTNTDLVYLESSPDFCEKN 



LSRRQKQLCRREPGLAETLRDAAHLGLLECQFQFRHERWNCSLEGRMGL LKRGFKE 8 9 

mn+nn \ + ++ + i 1+ \\\\\ \ + +1 

LSRRQRQLCRANPDVMASVAEGAQEGIEECQHQFRFRRWNCSTAGLASIFGKVLRQGTRE 64 

TAFLYAVSSAALTHTLARACSAGRMERCTCDDSPGLESRQAWQWGVCGDNLKYSTKFLSN 14 9 

MI + M + III + I + 1 1 M I ++ I 1 1 I + l + ll I 11+ + 1 

TAFVYAISSAGVAHAVTRACSQGELDSCGCDYSKRGSGGRGWEWGGCSDNIDFGIGFSRE 124 



208 
184 
266 
236 
322 



PSKYS PGTAGRVCSREA SCSSLCCGRGYDTQSRLVAFSCHCQVQP/CCYVECQQCVQ 

I I M II I I++ + I I I M I I 1 + 1+ I 1 + 1+ MM l + l + l I + 

PKTGSLGTQGRVCNKTSKGLDGCDLLCCGRGYNTEHVEWERCNCKFHWCCYVKCKQCRE 296 



50 Wnt proteins constitute a large family of molecules involved in cell proliferation, cell 

differentiation and embryonic patterning. They are known to interact with the Frizzled family 
of receptors to activate two main intracellular signaling pathways regulating intracellular 
calcium levels and gene transcription. Early studies on Wnts implicated them in cell 
proliferation and tumorigenesis, which have been borne out by recent work using transgenic 
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and null mutant mice. Wnts are involved in processes involved in mammary gland 
development and cancer. Recent studies have demonstrated that these molecules are critical to 
organogenesis of several systems, such as the kidney and brain. Wnts regulate the early 
development, i.e. neural induction, and their role persists in later stages of development as 
5 well as in the mature organ. An example of this is seen in the brain, where the loss of certain 
Wnts leads to the absence of critical regions of the brain, e.g. the hippocampus, involved in 
learning and memory, or the cerebellum, involved in motor function. Wnts have also been 
implicated in the genesis of degenerative diseases such as Alzheimer's disease. The protein 
encoded by the novel gene described herein may therefore play a role in cellular proliferation, 

10 differentiation, dysregulation, organogenesis and disease processes such as cancer, 
developmental defects etc. 

A partial sequence corresponding to this novel protein, with homology to the chicken 
Wnt- 14, has been deposited in GenBank with the nomenclature Wnt-15. 

Alzheimer's disease (AD) is a neurodegenerative disease with progressive dementia 

1 5 accompanied by three main structural changes in the brain: diffuse loss of neurons; 

intracellular protein deposits termed neurofibrillary tangles (NFT) and extracellular protein 
deposits termed amyloid or senile plaques, surrounded by dystrophic neurites. Two major 
hypotheses have been proposed in order to explain the molecular hallmarks of the disease: The 
'amyloid cascade' hypothesis and the 'neuronal cytoskeletal degeneration' hypothesis. While 

20 the former is supported by genetic studies of the early-onset familial fonns of AD (FAD), the 
latter revolves around the observation in vivo that cytoskeletal changes - including the 
abnormal phosphorylation state of the microtubule associated protein tau - may precede the 
deposition of senile plaques. Recent studies have suggested that the trafficking process of 
membrane associated proteins is modulated by the FAD-linked presenilin (PS) proteins, and 

25 that amyloid beta-peptide deposition may be initiated intracellularly, through the secretory 
pathway. Current hypotheses concerning presenilin function are based upon its cellular 
localization and its putative interaction as macromolecular complexes with the cell- 
adhesion/signaling beta-catenin molecule and the glycogen synthase kinase 3beta (GSK-3beta) 
enzyme. Developmental studies have shown that PS proteins function as components in the 

30 Notch signal transduction cascade and that beta-catenin and GSK-3beta are transducers of the 
Wnt signaling pathway. Both pathways are thought to have an important role in brain 
development, and they have been connected through Dishevelled (Dvl) protein, a known 
transducer of the Wnt pathway. 

87 



WO 02/057450 PCTAJS01/48922 

Members of the vertebrate Wnt family have been subdivided into two functional 
classes according to their biological activities. Some Wnts signal through the canonical Wnt- 
1/wingless pathway by stabilizing cytoplasmic beta-catenin. By contrast other Wnts stimulate 
intracellular Ca2+ release and activate two kinases, CamKH and PKC, in a G-protein- 
dependent manner. Moreover, putative Wnt receptors belonging to the Frizzled gene family 
have been identified that preferentially couple to the two prospective pathways in the absence 
of ectopic Wnt ligand and that might account for the signaling specificity of the Wnt 
pathways. As Ca2+ release was the first described feature of the noncanonical pathway, and as 
Ca2+ probably plays a key role in the activation of CamKH and PKC, Kuhl M, et aL, {Trends 
Genet 2000 Jul;16(7):279-83) have named this Wnt pathway the Wnt/Ca2+ pathway. 

Many constituents of Wnt signaling pathways are expressed in the developing and 
mature nervous systems. Recent work has shown that Wnt signaling controls initial formation 
of the neural plate and many subsequent patterning decisions in the embryonic nervous 
system, including formation of the neural crest." Wnt signaling continues to be important at 
later stages of development. Wnts have been shown to regulate the anatomy of the neuronal 
cytoskeleton and the differentiation of synapses in the cerebellum. Wnt signaling has been 
demonstrated to regulate apoptosis and may participate in degenerative processes leading to 
cell death in the aging brain. 

Recent genetic studies have shown that the signalling factor Wnt3a is required for 
formation of the hippocampus; the developmental consequences of Wnt signalling in the 
hippocampus are mediated by multiple HMG-box transcription factors, with LEF-1 being 
required just for formation of the dentate gyrus. 

WnM was first identified as a protooncogene activated by viral insertion in mouse 
mammary tumors. Transgenic expression of this gene using a mouse mammary tumor virus 
LTR enhancer causes extensive ductal hyperplasia early in life and mammary 
adenocarcinomas in approximately 50% of the female transgenic (TG) mice by 6 months of 
age. Metastasis to the lung and proximal lymph nodes is rare at the time tumors are detected 
but frequent after the removal of the primary neoplasm. The potent mitogenic effect mediated 
by Wnt-1 expression does not require estrogen stimulation; tumors form after an increased 
latency in estrogen receptor alpha-null mice. Several genetic lesions, including inactivation of 
p53 and over-expression of Fgf-3, collaborate with Wnt-1 in leading to mammary tumors, but 
loss of Sky and inactivation of one allele of Rb do not affect the rate of tumor formation in 
Wnt-1 TG mice. 
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Communication between cells is often mediated by secreted signaling molecules that 
bind cell surface receptors and modulate the activity of specific intracellular effectors. The 
Wnt family of secreted glycoproteins is one group of signaling molecules that has been shown 
to control a variety of developmental processes including cell fate specification, cell 

5 proliferation, cell polarity and cell migration. In addition, mis-regulation of Wnt signaling can 
cause developmental defects and is implicated in the genesis of several human cancers. The 
importance of Wnt signaling in development and in clinical pathologies is underscored by the 
large number of primary research papers examining various aspects of Wnt signaling that have 
been published in the past several years. 

1 0 Reproductive tract development and function is regulated by circulating steroid 

hormones. In the mammalian female reproductive tract, estrogenic compounds direct many 
aspects of cytodifferentiation including uterine gland formation, smooth muscle morphology, 
and epithelial differentiation. While it is clear that these hormones act through their cognate 
nuclear receptors, it is less clear what signaling events follow hormonal stimulation that 

1 5 govern cytodifferentiation. Recent advances in molecular embryology and cancer cell biology 
have identified the Wnt family of secreted signaling molecules. Discussed here are recent 
advances that point to a definitive role during uterine development and adult function for one 
member of the Wnt gene family, Wnt-7a. In addition, recent data is reviewed that implicates 
Wnt-7a deregulation in response to pre-natal exposure to the synthetic estrogenic compound, 

20 DES. These advances point to an important role for the Wnt gene family in various 
reproductive tract pathologies including cancer. 

Holoprosencephaly (HPE) is the most common developmental defect of the forebrain 
in humans. Several distinct human genes for holoprosencephaly have now been identified. 
They include Sonic hedgehog (SHH), ZIC2, and SDG. Many additional genes involved in 

25 forebrain development are rapidly being cloned and characterized in model vertebrate 
organisms. These include Patched (Ptc), Smoothened (Smo), cubitus interaptus (ci)/Gli, 
wingless (wg/Wnt, decapentaplegic (dpp)/BMP, Hedgehog interacting protein (Hip), nodal, 
Smads, One-eyed pinhead (Oep), and TG-Interacting Factor (TGIF). However, further 
analysis is needed before their roles in HPE can be established. 

30 Female reproductive hormones control mammary gland morphogenesis. In the absence 

of the progesterone receptor (PR) from the mammary epithelium, ductal side-branching fails to 
occur. Brisken C, et al. {Genes Dev 2000 Mar 15;14(6):650-4) overcame this defect by ectopic 
expression of the protooncogene Wnt-1 . Transplantation of mammary epithelia from Wnt-4(- 
)/(-) mice shows that Wnt-4 has an essential role in side-branching early in pregnancy. PR and 
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Wnt-4 mRNAs colocalize to the luminal compartment of the ductal epithelium. Progesterone 

induces Wnt-4 in mammary epithelial cells and is required for increased Wnt-4 expression 

during pregnancy. Thus, Wnt signaling is essential in mediating progesterone function during 

mammary gland morphogenesis. 

Synapse formation requires changes in cell morphology and the upregulation and 

localization of synaptic proteins. In the cerebellum, mossy fibers undergo extensive 

remodeling as they contact several granule cells and form complex, multisynaptic glomerular 

rosettes. Hall AC, et al, (Cell 2000 Mar 3;100(5):525-35) showed that granule cells secrete factors 

that induce axon and growth cone remodeling in mossy fibers. This effect is blocked by the 

WNT antagonist, sFRP-1, and mimicked by WNT-7a, which is expressed by granule cells. 

WNT-7a also induces synapsin I clustering at remodeled areas of mossy fibers, a preliminary 

step in synaptogenesis. Wnt-7a mutant mice show a delay in the morphological maturation of 

glomerular rosettes and in the accumulation of synapsin I We propose that WNT-7a can 

function as a synaptogenic factor. 

Estrogens have important functions in mammary gland development and 

carcinogenesis. To better define these roles, Bocchinfuso WP, et al., (Cancer Res 1999 Apr 

15;59(8): 1869-76) have used two previously characterized lines of genetically altered mice: 

estrogen receptor-alpha (ER alpha) knockout (ERKO) mice, which lack the gene encoding ER 

alpha, and mouse mammary virus tumor (MMTV)-Wnt-1 transgenic mice (Wnt-1 TG), which 

develop mammary hyperplasia and neoplasia due to ectopic production of the Wnt-1 secretory 

glycoprotein. Bocchinfuso WP, et al. have crossed these lines to ascertain the effects of ER 

alpha deficiency on mammary gland development and carcinogenesis in mice expressing the 

Wnt-1 transgene. Introduction of the Wnt-1 transgene into the ERKO background stimulates 

proliferation of alveolar-like epithelium, indicating that Wnt-1 protein can promote 

mitogenesis in the absence of an ER alpha-mediated response. The hyperplastic glandular 

tissue remains confined to the nipple region, implying that the requirement for ER alpha in 

ductal expansion is not overcome by ectopic Wnt-1. Tumors were detected in virgin ERKO 

females expressing the Wnt-1 transgene at an average age (48 weeks) that is twice that seen in 

virgin Wnt-1 TG mice (24 weeks) competent to produce ER alpha. Prepubertal ovariectomy of 

Wnt-1 TG mice also extended tumor latency to 42 weeks. However, pregnancy did not appear 

to accelerate the appearance of tumors in Wnt-1 TG mice, and tumor growth rates were not 

measurably affected by late ovariectomy. Small hyperplastic mammary glands were observed 

in Wnt-1 TG males, regardless of ER alpha gene status; the glands were similar in appearance 

to those found in ERKO/Wnt-1 TG females. Mammary tumors also occurred in Wnt-1 TG 
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males; latency tended to be longer in the heterozygous ER alpha and ERKO males (86 to 100 
weeks) than in wild-type ER alpha mice (ca 75 weeks). Bocchinfiiso WP, et al. concluded that 
ectopic expression of the Wnt-1 proto-oncogene can induce mammary hyperplasia and 
tumorigenesis in the absence of ER alpha in female and male mice. The delayed time of tumor 
5 appearance may depend on the number of cells at risk of secondary events in the hyperplastic 
glands, on the carcinogenesis-promoting effects of ER alpha signaling, or on both. 

Wnt-1 and Wnt-3a proto-oncogenes have been implicated in the development of 
midbrain and hindbrain structures. Evidence for such a role has been derived from in situ 
hybridization studies showing Wnt-1 and -3a expression in developing cranial and spinal cord 

10 regions and from studies of mutant mice whose Wnt-1 genes have undergone targeted 

disruption by homologous recombination. Wnt-1 null mutants exhibit cranial defects but no 
spinal cord abnormalities, despite expression of the gene in these regions. The absence of 
spinal cord abnormalities is thought to be due to a functional compensation of the Wnt-1 
deficiency by related genes, a problem that has complicated the analysis of null mutants of 

15 other developmental genes as well. Augustine K, et al., (Dev Genet 1993;14(6):500-20) 
describe the attenuation of Wnt-1 expression using antisense oligonucleotide inhibition in 
mouse embryos grown in culture. Augustine K, et al. induced similar mid- and hindbrain 
abnormalities as those seen in the Wnt-1 null mutant mice. Attenuation of Wnt-1 expression 
was also associated with cardiomegaly resulting in hemostasia These findings are consistent 

20 with the possibility that a subset of Wnt-1 expressing cells include neural crest cells known to 
contribute to septation of the truncus arteriosus and to formation of the visceral arches. 
Antisense knockout of Wnt-3a, a gene structurally related to Wnt-1, targeted the forebrain and 
midbrain region, which were hypoplastic and failed to expand, and the spinal cord, which 
exhibited lateral outpocketings at the level of the forelimb buds. Dual antisense knockouts of 

25 Wnt-1 and Wnt-3a targeted all brain regions leading to incomplete closure of the cranial 
neural folds, and an increase in the number and severity of outpocketings along the spinal 
cord, suggesting that these genes complement one another to produce normal patterning of the 
spinal cord. The short time required to assess the mutant phenotype (2 days) and the need for 
limited sequence information of the target gene (20-25 nucleotides) make this antisense 

30 oligonucleotide/whole embryo culture system ideal for testing the importance of specific genes 
and their interactions in murine embryonic development. 

Wnt-1 (previously known as int-1) is a proto-oncogene induced by the integration of 
the mouse mammary tumor virus. It is thought to play a role in intercellular communication 
and seems to be a signalling molecule important in the development of the central nervous 
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system (CNS). The sequence of wnt-1 is highly conserved in mammals, fish, and amphibians. 
Wnt-1 is a member of a large family of related proteins that are all thought to be 
developmental regulators. These proteins are known as wnt-2 (also known as irp), wnt-3 up to 
wnt-15. At least four members of this family are present in Drosophila. One of them, wingless 
5 (wg), is implicated in segmentation polarity. All these proteins share the following features 
characteristics of secretory proteins, a signal peptide, several potential N-glycosylation sites 
and 22 conserved cysteines that are probably involved in disulfide bonds. The Wnt proteins 
seem to adhere to the plasma membrane of the secreting cells and are therefore likely tosignal 
over only few cell diameters. 

The disclosed NOV7 nucleic acid of the invention encoding a Wnt-1 5-like protein 
includes the nucleic acid whose sequence is provided in Table 7A or a fragment thereof. The 
invention also includes a mutant or variant nucleic acid any of whose bases may be changed 
from the corresponding base shown in Table 7A while still encoding a protein that maintains 
its Wnt-1 5-like activities and physiological functions, or a fragment of such a nucleic acid. 
The invention further includes nucleic acids whose sequences are complementary to those just 
described, including nucleic acid fragments that are complementary to any of the nucleic acids 
just described. The invention additionally includes nucleic acids or nucleic acid fragments, or 
complements thereto, whose structures include chemical modifications. Such modifications 
include, by way of nonlimiting example, modified bases, and nucleic acids whose sugar 
phosphate backbones are modified or derivatized. These modifications are carried out at least 
in part to enhance the chemical stability of the modified nucleic acid, such that they maybe 
used, for example, as antisense binding nucleic acids in therapeutic applications in a subject. 
In the mutant or variant nucleic acids, and their complements, up to about 32 percent of the 
bases may be so changed. 

25 The disclosed NO V7 protein of the invention includes the Wnt- 1 5-like protein whose 

sequence is provided in Table 7B. The invention also includes a mutant or variant protein any 
of whose residues may be changed from the corresponding residue shown in Table 7B while 
still encoding a protein that maintains its Wnt-1 5-like activities and physiological functions, or 
a functional fragment thereof. In the mutant or variant protein, up to about 38 percent of the 

30 residues may be so changed. 

The above defined information for this invention suggests that these Wnt-1 5-like 
proteins (NOV7) may function as a member of a 'Wnt-15 family". Therefore, the NOV7 
nucleic acids and proteins identified here may be useful in potential therapeutic applications 
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implicated in (but not limited to) various pathologies and disorders as indicated below. The 
potential therapeutic applications for this invention include, but are not limited to: protein 
therapeutic, small molecule drug target, antibody target (therapeutic, diagnostic, drug 
targeting/cytotoxic antibody), diagnostic and/or prognostic marker, gene therapy (gene 
delivery/gene ablation), research tools, tissue regeneration in vivo and in vitro of all tissues 
and cell types composing (but not limited to) those defined here. 

The nucleic acids and proteins of NOV7 are useful in Von Hippel-Lindau (VHL) 
syndrome , Alzheimer's disease, stroke, tuberous sclerosis, hypercalcemia, Parkinson's 
disease, Huntington's disease, cerebral palsy, epilepsy, Lesch-Nyhan syndrome, multiple 
sclerosis, ataxia-telangiectasia, leukodystrophies, behavioral disorders, addiction, anxiety, 
pain, neurodegeneration, cancer, developmental defects, and/or other pathologies and 
disorders. The novel NOV7 nucleic acid encoding NOV7 protein,, or fragments thereof, may 
further be useful in diagnostic applications, wherein the presence or amount of the nucleic acid 
. or the protein are to be assessed. These materials are further useful in the generation of 
antibodies that bind immunospecifically to the novel substances of the invention for use in 
therapeutic or diagnostic methods. 

NOV7 nucleic acids and polypeptides are further useful in the generation of antibodies 
that bind immunospecifically to the novel substances of the invention for use in therapeutic or 
diagnostic methods. These antibodies may be generated according to methods known in the 
art, using prediction from hydrophobicity charts, as described in the "Anti-NOVX Antibodies" 
section below. For example the disclosed NOV7 protein have multiple hydrophilic regions, 
each of which can be used as an immunogen. In one embodiment, contemplated NOV7 
epitope is from about amino acids 25 to 60. In other embodiments, NOV7 epitope is from 
about amino acids 65 to 80, from about amino acids 1 10 to 140, from about amino acids 145 
to 180, from about amino acids 190 to 220, from about amino acids 230 to 270, or from about 
amino acids 280 to 290. This novel protein also has value in development of powerful assay 
system for functional analysis of various human disorders, which will help in understanding of 
pathology of the disease and development of new drug targets for various disorders. 

NOV8 

A disclosed NOV8 nucleic acid of 1085 nucleotides (also referred to 88091010_EXT) 
encoding a novel Wnt-14-like protein is shown in Table 8A. An open reading frame was 
identified beginning with an ATG initiation codon at nucleotides 13-15 and ending with a 
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TGA codon at nucleotides 10784080. In Table 8A, the 5' and 3' untranslated regions are 
underlined and the start and stop codons are in bold letters. 



Table 8A. NOV8 Nucleotide Sequence (SEQ ID NO:21) 

TAGT6AGCCGAGA TGGCACTACTATATTCCAGCTT6GGT6TGGTTGTGTGCACCTGTAGTCCTAGTTACTT 
TGGACTGACGGGCAGCGAGCCCCTGACCATCCTCCCGCTGACCCTGGAGCCAGAGGCGGCTGCCCAGGCGC 
ACTACAAGGCCTGCGACCGGCTGAAGCTGGAGCGGAAGCAGCGGCGCATGTGCCGCCGGGACCCGGGCGTG 
GCAGAGACGCTGGTGGAGGCCGTGAGCATGAGTGCGCTCGAGTGCCAGTTCCAGTTCCGCTTTGAGCGCTG 
GAACTGCACGCTGGAGGGCCGCTACCGGGCCAGCCTGCTCAAGCGAGGTTTCAAGGAGACTGCCTTCCTCT 
ATGCCATCTCCTCGGCTGGCCTGACGCACGCACTGGCCAAGGCGTGCAGCGCGGGCCGCATGGAGCGCTGT 
ACCTGCGATGAGGCACCCGACCTGGAGAACCGTGAGGGCTGGAAGTGGGGTGGCTGTAGCGAGGACATCGA 
GTTTGGTGGGATGGTGTCTCGGGAGTTCGCCGACGCCCGGGAGAACCGGCCAGATGCCCGCTCAGCCATGA 
ACCGCCACAACAACGAGGCTGGGCGCCAGGTGATCAAGGCTGGGGTGGAGACCACCTGCAAGTGCCACGGC 
GTGTCAGGCTCATGCACGGTGCGGACCTGCTGGCGGCAGTTGGCGCCTTTCCATGAGGTGGGCAAGCATCT 
GAAGCACAAGTATGAGTCGGCACTCAAGGTGGGCAGCACCACCAATGAAGCTGCCGGCGAGGCAGGTGCCA 
TCTCCCCACCACGGGGCCGTGCCTCGGGGGCAGGTGGCAGCGACCCGCTGCCCCGCACTCCAGAGCTGGTG 
CACCTGGATGACTCGCCTAGCTTCTGCCTGGCTGGCCGCTTCTCCCCGGGCACCGCTGGCCGTAGGTGCCA 
CCGTGAGAAGAACTGCGAGAGCATCTGCTGTGGCCGCGGCCATAACACACAGAGCCGGGTGGTGACAAGGC 
CCTGCCAGTGCCAGGTGCGTTGGTGCTGCTATGTGGAGTGCAGGCAGTGCACGCAGCGTGAGGAGGTCTAC 
ACCTGCAAGGGCTGAGTTCC 



5 The disclosed NOV8 nucleic acid sequence, localized to chromosome 1, has 560 of 

725 bases (77%) identical to a gb:GENBANK-E):AF031168|acc:AF03 1168.1 mKNA from 
Gallus gallus {Gallus gallus Wnt-14 protein (Wnt-14) mRNA, complete cds (E = 5.2e" us ). 

A disclosed NOV8 polypeptide (SEQ ID NO:22) encoded by SEQ ID NO:21 is 355 
amino acid residues and is presented using the one-letter amino acid code in Table 8B. Signal 

10 P, Psort and/or Hydropathy results predict that NOV8 has a signal peptide and is likely to be 
localized extracellularly with a certainty of 0.3700. In other embodiments, NOV8 is also likely 
to be localized to the enoplasmic reticulum (membrane) with a certainty of 0.1000, to the 
endoplasmic reticulum (lumen) with a certainty of 0.1000, or the lysosome (lumen) with a 
certainty of 0.1000. The most likely cleavage site for a NOV8 peptide is between amino acids 

15 15 and 16, at: CTC-SP. 



Table 8B. Encoded NOV8 protein sequence (SEQ ID NO:22). 

MALLYSSLGVVVCTCSPSYFGLTGSEPLTILPLTLEPEAAAQAHYKACDRLKLERKQRRMCRRDPGVAETL 
VEAVSMSALECQFQFRFERWNCT LEGRYRASLLKRGFKETAFLYAI S SAGLTHALAKACSAGRMERCTCDE 
APDLENREGWKWGGCSEDIEFGGMVSREFADARENRPDARSAMNRHNNEAGRQVIKAGVETTCKCHGVSGS 
CTVRTCWRQLAPFHE VGKHLKHKYE SALKVGSTTNEAAGEAGAI S PPRGRAS GAGGS DPLPRTPELVHLDD 
S PS FCLAGRFS PGTAGRRCHREKNCES I CCGRGHNTQSRWTRPCQCQVRWCCYVECRQCTQREE V YTCKG 



The disclosed NOV8 amino acid sequence has 270 of 354 amino acid residues (76%) 
identical to, and 310 of 354 amino acid residues (87%) similar to, the 354 amino acid residue 
20 pta:SWISSPROT-ACC:O42280 protein from Gallus gallus (Chicken) (WNT-14 Protein 
Precursor (1.2e~ 151 ). 
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NOV8 is expressed in at least brain. This information was derived by determining the 
tissue sources of the sequences that were included in the invention including but not limited to 
SeqCalling sources, Public EST sources, Literature sources, and/or RACE sources. 

In addition, the sequence is predicted to be expressed in brain because of the 
expression pattern of (GENBANK-ID: gb:GENBANK-ID:AF031168|acc:AF031168.1) a 
closely related [Gallus gallus Wnt-14 protein (Wnt-14) mRNA, complete cds]. 

NOV8 also has homology to the amino acid sequence shown in the BLASTP data 
listed in Table 8C. 



Table 8C. BLAST results for NOV8 


Gene Index/ 
Identifier 


Protein/ Organism 


Length 
(aa) 


Identity 
(%) 


Positives 
(%) 


Expect 


gi 1 15082261 |ref|NP 0 
03386.11 (NM_003395) 


wingless -type 
MMTV integration 
site family, 
member 14 [Homo 
sapiens] 


365 


306/340 
(90%)' 


321/340 
(94%) 


e-167 


gil3915306|sp|O42280 
IWN14 CHICK 


WNT-14 PROTEIN 
PRECURSOR 


354 


270/357 
(75%) 


310/357 
(86%) 


e-142 


gi 116303264 |dbj|BAB7 
0499.1} (AB063483) 


WNT14B [Homo 
sapiens] 


357 


193/339 
(56%) 


244/339 
(71%) 


e-100 


gi 1 7106447 |ref|NP 03 
3548.11 (NMJ)09522) 


wingless-related 
MMTV integration 
site 3A [Mus 
mus cuius] 


352 


141/311 
(45%) 


179/311 
(57%) 


2e-62 


gi 158212 61 |dbj JBAA83 
743.11 (AB024080) 


Wnt~3a [Gallus 
gallus ] 


376 


139/311 
(44%) 


179/311 
(56%) . 


3e-62 



The homology of these sequences is shown graphically in the ClustalW analysis shown 
in Table 8D. 



Table 8D. Information for the ClustalW proteins 

1) NOV8 (SEQ ID NO: 22) 

2) gi 1 15082261 Iref |NP__003386. 1 1 (NMJ503395) wingless-type MMTV integration site 
family, member 14 [Homo sapiens] (SEQ ID NO: 64) 

3) gi|3915306|sp|O42280|WN14_CHICK WNT-14 PROTEIN PRECURSOR (SEQ ID N0:63) 

4) gi|16303264|dbj|BAB70499.1| (AB063483) WNT14B [Homo sapiens] (SEQ ID N0:62) 

5) gi | 7106447 |ref |NP_033548 . 1 | (NM_009522) wingless-related MMTV integration site 
3A [Mus musculus] (SEQ ID NO: 67) 

6) gi|5821261|dbj lBAA83743.il (AB024080) Wnt-3a [Gallus gallus] (SEQ ID N0:68) 



NOV8 

gi | 15082261 
gi | 3915306 



10 
.1. 



MLDGSPL 



20 

£LY|s|lG < OjvVCT 
ftFGL" 




[LACTP RP; 

P ; 

|KQA LG-S$P3-WW^ 



gi 1 16303264 | MRPPPgljAL&l _ 

gi|7106447| MAPLGYLLVLCS-"J _ -.-rtr-i 

gi | 5821261 1 ^SFCSEV^A^E^^KQWGWCGWTPMG^WKKWll 



NOV8 

gi|1508226l| 
gi|3915306| 
gi)16303264| 
gi|7106447| 



IqrssBelw 
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gi | 5821261 1 DVGsB^GHQYS^LGTQPII^GsSPGBvpElSB&YVE^pg^^jK 



PCT/US01/48922 



NOV8 

gi 1 15082261 1 
gi | 3915306 | 
gi 1 16303264 | PjGL 
gi | 7106447 | AGL 
gi | 5821261 | 



NOV8 

gi | 15082261 | 
gi|3915306| 
gi | 163032641 
gi | 7106447 | 
gii 5821261 | 



NOV8 

gi 1 15082261 1 
gi|3915306| 
gi 1 16303264 i 
gi | 7106447 | 
gi | 5821261 | 



NOV8 

gi | 15082261 | 
gi | 3915306 | 
gi 116303264 | 
gi!71064471 
gi 158212611 



110 



120 



130 



140 



150 





290 



300 

IgrasgaggsdpS 
Jgrasgaggsdpi* 

i — KSIPGHSDQlj 
I — Q-GSLTKGLA 

-Y TYFKg 

! — Y NFFKA 



NOV8 

gi 115082261 | 
gi 1 39153061 
gi 116303264 | 
gi 171064471 
gi 15821261 | 



N0V8 

gi 1 15082261 1 
gi| 39153061 
gi | 16303264 1 
gil7106447J 
gi| 5821261} 




Tables 8E and 8F list the domain descriptions from DOMAIN analysis results against 
NOV8. This indicates that the NOV8 sequence has properties similar to those of other 
proteins known to contain this domain. 



Table 8E. Domain Analysis of NOV8 

gnl ( Pf ami pf am00110 / wnt, wnt family. (SEQ ID NO: 104} 
CD-Length = 313 residues, 99.7% aligned 
Score - 313 bits (801), Expect - le-86 
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10 



15 



20 



NOV 7: 


48 


Sbjct: 


2 


NOV 7: 


104 


Sbjct: 


62 


NOV 7: 


163 


Sbjct: 


122 


NOV 7: 


223 


Sbjct: 


182 


NOV 7: 


282 


Sbjct: 


235 


NOV 7: 


336 


Sbjct: 


295 



CDRLK-LERKQRRMCRRDPGVAETLVEAVSMSALECQFQFRFERWNCTLEGRYRASL 

I I I +1 I++1 I 1 + 1 I ++ I ++ I I I I I I I I I 1+ I I 
CRSLPGLSPRQRQLCRRNPDVMASVSEGAQLAIQECQHQFRGRRWNCSTLDRLRWFGKV 
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61 



LKRGFKETAFLYAISSAGLTHALAKACSAGRMERCTCDE-APDLENREGWKWGGCSEDIE 162 

|| + | +| I I 1 + 1 I I I I I 1+ 11+ +111 I +1 I II + I + MIM+++I 

LKKGTRETAFVYAISSAGVAHAVTRACSEGELESCGCDYKKGPGGPQGSWQWGGCSDNVE 121 

FGGMVSREFADARENRPDARSAMNRHNNEAGRQVIKAGVETTCKCHGVSGSCTVRTCWRQ 222 

II llll MM Mil II MIIIII+ +1+ + llllllilll+++lll 
FGIRFSREFVDARERERDARSLMNLHNNEAGRKAVKSHMRRECKCHGVSGSCSMKTCWLS 181 

LAPFHEVGKHLKHKYESALKV-GSTTNEAAGEAGAISPPRGRASGAGGSDPLPRTPELVH 281 

I I II I I I 1+ I++I + 11+ I II H + 

L P D FRAVGDALKDKYDG AIRVE PNKRGMGQG S APRLVAKN PRFKPPTRS D LVY 234 

LDDSPSFCL — AGRFSPGTAGRRC HREKNCESICCGRGHNTQSRVVTRPCQCQVRW 335 

MM +1 I II II I II +illll + lll I I 1+ I 

LEDSPDYCERDRSTGSLGTQGRVCNKTSKGLDGCELLCCGRGYNTQQVERTEKCNCKFHW 294 

CCYVECRQCTQREEVYTCK 354 

I I I l + l +1 + I l + l I I 

CC YVKCEECQE WE VHTCK 313 



25 



30 



35 



40 



45 



Table 8F- Domain Analysis of NOV8 

(SEQ ID NO:105) 



qnl I Smart | smart 00 097 , WNT1, found in Wnt-1 
CD-Length = 304 residues, 98.7% aligned 
Score = 292 bits (748), Expect - 2e-80 



NOV 7: 


53 


Sbjct: 


5 


NOV 7: 


111 


Sbjct: 


65 


NOV 7: 


171 


Sbjct: 


125 


NOV 7: 


230 


Sbjct: 


185 


NOV 7: 


290 


Sbjct: 


234 


NOV 7: 


344 


Sbjct: 


294 



LERKQRRMCRRDPGVAETLVEAVSMSALECQFQFRFERWNCTLEGRYRA — SLLKRGFKE 

I I + II++M +11 ++ 1 III llll 1111+ I +I++I +1 

LSRRQRQLCRANPDVMASVAEGAQEGIEECQHQFRFRRWNCSTAGLASIFGKVLRQGTRE 



I +11 11+ 1 +1 



I II II I++ 



1+ +IIMI+II+ I I 1+ lllll+l+l 



l+l I +1 I I 



110 



64 



170 



TAFLYAISSAGLTHALAKACSAGRMERCTCDEAPDLENREGWKWGGCSEDIEFGGMVSRE 

111+1111111+ 11+ +111 I ++I II + 1I + I1IM++I + M III 

TAFVYAI S SAGVAHAVTRACSQGELDS CGCD YSKRGSGGRGWEWGGCS DNI DFGIGFSRE 124 

FADARENR-PDARSAMNRHNNEAGRQVIKAGVETTCKCHGVSGSCTVRTCWRQLAPFHEV 229 

Mill I 111+ II I 1 1 I 1 I I +1 ++ I I ! I I I II I l + l + l I I II 11 + 
FVDARERRGSDARALMNLHNNEAGRIAVKKTMKRECKCHGVSGSCSVKTCWLQLPEFREI 184 



I I +11+1+ II II 

-KRGTRGLVPANRDFKPPTNTDLVYLESSPDFC 233 



50 Wnt proteins constitute a large family of molecules involved in cell proliferation, cell 

differentiation and embryonic patterning. They are known to interact with the Frizzled family 
of receptors to activate two main intracellular signaling pathways regulating intracellular 
calcium levels and gene transcription. Early studies on Wnts implicated them in cell 
proliferation and tumorigenesis, which have been borne out by recent work using transgenic 
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and null mutant mice. Wnts are involved in processes involved in mammary gland 
development and cancer. Recent studies have demonstrated that these molecules are critical to 
organogenesis of several systems, such as the kidney and brain. Wnts regulate the early 
development, i.e. neural induction, and their role persists in later stages of development as 
5 well as in the mature organ. An example of this is seen in the brain, where the loss of certain 
Wnts leads to the absence of critical regions of the brain, e.g. the hippocampus, involved in 
learning and memory, or the cerebellum, involved in motor function. Wnts have also been 
implicated in the genesis of degenerative diseases such as Alzheimer's disease. The protein 
encoded by the novel gene described herein may therefore play a role in cellular proliferation, 

10 differentiation, dysregulation, organogenesis and disease processes such as cancer, 
developmental defects etc. 

Alzheimer's disease (AD) is a neurodegenerative disease with progressive dementia 
accompanied by three main structural changes in the brain: diffuse loss of neurons; 
intracellular protein deposits tamed neurofibrillary tangles (NFT) and extracellular protein 

1 5 deposits termed amyloid or senile plaques, surrounded by dystrophic neurites. Two major 

hypotheses have been proposed in order to explain the molecular hallmarks of the disease: The 
'amyloid cascade' hypothesis and the 'neuronal cytoskeletal degeneration 1 hypothesis. While 
the former is supported by genetic studies of the early-onset familial forms of AD (FAD), the 
latter revolves around the observation in vivo that cytoskeletal changes - including the 

20 abnormal phosphorylation state of the microtubule associated protein tau - may precede the 
deposition of senile plaques. Recent studies have suggested that the trafficking process of 
membrane associated proteins is modulated by the FAD-linked presenilin (PS) proteins, and 
that amyloid beta-peptide deposition maybe initiated intracellularly, through the secretory 
pathway. Current hypotheses concerning presenilin junction are based upon its cellular 

25 localization and its putative interaction as macromolecular complexes with the cell- 
adhesion/signaling beta-catenin molecule and the glycogen synthase kinase 3beta (GSK-3beta) 
enzyme. Developmental studies have shown that PS proteins function as components in the 
Notch signal transduction cascade and that beta-catenin and GSK-3beta are transducers of the 
Wnt signaling pathway. Both pathways are thought to have an important role in brain 

30 development, and they have been connected through Dishevelled (Dvl) protein, a known 
transducer of the Wnt pathway. 

Members of the vertebrate Wnt family have been subdivided into two functional 
classes according to their biological activities. Some Wnts signal through the canonical Wnt- 
1/wingless pathway by stabilizing cytoplasmic beta-catenin. By contrast other Wnts stimulate 
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intracellular Ca2+ release and activate two kinases, CamKII and PKC, in a G-protein- 
dependent manner. Moreover, putative Wnt receptors belonging to the Frizzled gene family 
have been identified that preferentially couple to the two prospective pathways in the absence 
of ectopic Wnt ligand and that might account for the signaling specificity of the Wnt 
pathways. As Ca2+ release was the first described feature of the noncanonical pathway, and as 
Ca2+ probably plays a key role in the activation of CamKII and PKC, Kuhl M, et al., (Trends 
Genet 2000 Jul;16(7):279-83) have named this Wnt pathway the Wnt/Ca2+ pathway. 

Many constituents of Wnt signaling pathways are expressed in the developing and 
mature nervous systems. Recent work has shown that Wnt signaling controls initial formation 
of the neural plate and many subsequent patterning decisions in the embryonic nervous 
system, including formation of the neural crest. Wnt signaling continues to be important at 
later stages of development. Wnts have been shown to regulate the anatomy of the neuronal 
cytoskeleton and the differentiation of synapses in the cerebellum. Wnt signaling has been 
demonstrated to regulate apoptosis and may participate in degenerative processes leading to 
cell death in the aging brain. 

Recent genetic studies have shown that the signalling factor Wnt3a is required for 
formation of the hippocampus; the developmental consequences of Wnt signalling in the 
hippocampus are mediated by multiple HMG-box transcription factors, with LEF-1 being 
required just for formation of the dentate gyrus. 

Wnt-1 was first identified as a protooncogene activated by viral insertion in mouse 
mammary tumors. Transgenic expression of this gene using a mouse mammary tumor virus 
LTR enhancer causes extensive ductal hyperplasia early in life and mammary 
adenocarcinomas in approximately 50% of the female transgenic (TG) mice by 6 months of 
age. Metastasis to the lung and proximal lymph nodes is rare at the time tumors are detected 
but frequent after the removal of the primary neoplasm. The potent mitogenic effect mediated 
by Wnt-1 expression does not require estrogen stimulation; tumors form after an increased 
latency in estrogen receptor alpha-null mice. Several genetic lesions, including inactivation of 
P 53 and over-expression of Fgf-3, collaborate with Wnt-1 in leading to mammary tumors, but 
loss of Sky and inactivation of one allele of Rb do not affect the rate of tumor formation in 
Wnt-1 TG mice. 

Communication between cells is often mediated by secreted signaling molecules that 
bind cell surface receptors and modulate the activity of specific intracellular effectors. The 
Wnt family of secreted glycoproteins is one group of signaling molecules that has been shown 
to control a variety of developmental processes including cell fate specification, cell 
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proliferation, cell polarity and cell migration. In addition, mis-regulation of Wnt signaling can 
cause developmental defects and is implicated in the genesis of several human cancers. The 
importance of Wnt signaling in development and in clinical pathologies is underscored by the 
large number of primary research papers examining various aspects of Wnt signaling that have 
5 been published in the past several years. 

Reproductive tract development and function is regulated by circulating steroid 
hormones. In the mammalian female reproductive tract, estrogenic compounds direct many 
aspects of cytodifferentiation including uterine gland formation, smooth muscle morphology, 
and epithelial differentiation. While it is clear that these hormones act through their cognate 

10 nuclear receptors, it is less clear what signaling events follow hormonal stimulation that 

govern cytodifferentiation. Recent advances in molecular embryology and cancer cell biology 
have identified the Wnt family of secreted signaling molecules. Discussed here are recent 
advances that point to a definitive role during uterine development and adult function for one 
member of the Wnt gene family, Wnt-7a. In addition, recent data is reviewed that implicates 

15 Wnt-7a deregulation in response to pre-natal exposure to the synthetic estrogenic compound, 
DES. These advances point to an important role for the Wnt gene family in various 
reproductive tract pathologies including cancer. 

Holoprosencephaly (HPE) is the most common developmental defect of the forebrain 
in humans. Several distinct human genes for holoprosencephaly have now been identified. 

20 They include Sonic hedgehog (SHH), ZIC2, and SDG. Many additional genes involved in 
forebrain development are rapidly being cloned and characterized in model vertebrate 
organisms. These include Patched (Ptc), Smoothened (Smo), cubitus interuptus (ci)/Gli, 
wingless (wg/Wnt, decapentaplegic (dpp)/BMP, Hedgehog interacting protein (Hip), nodal, 
Smads, One-eyed pinhead (Oep), and TG-Interacting Factor (TGIF). However, further 

25 analysis is needed before their roles in HPE can be established. 

Female reproductive hormones control mammary gland morphogenesis. In the absence 
of the progesterone receptor (PR) from the mammary epithelium, ductal side-branching fails to 
occur. Brisken C, et al. (Genes Dev 2000 Mar 15;14(6):650-4) overcame this defect by ectopic 
expression of the protooncogene Wnt-1. Transplantation of mammary epithelia from Wnt-4(- 

30 )/(-) mice shows that Wnt-4 has an essential role in side-branching early in pregnancy. PR and 
Wnt-4 mRNAs colocalize to the luminal compartment of the ductal epithelium. Progesterone 
induces Wnt-4 in mammary epithelial cells and is required for increased Wnt-4 expression 
during pregnancy. Thus, Wnt signaling is essential in mediating progesterone function during 
mammary gland morphogenesis. 
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Synapse formation requires changes in cell morphology and the upregulation and 
localization of synaptic proteins. In the cerebellum, mossy fibers undergo extensive 
remodeling as they contact several granule cells and form complex, multisynaptic glomerular 
rosettes. Hall AC, et al., (Cell 2000 Mar 3;100(5):525-35) showed that granule cells secrete factors 
5 that induce axon and growth cone remodeling in mossy fibers. This effect is blocked by the 
WNT antagonist, sFRP-1, and mimicked by WNT-7a, which is expressed by granule cells. 
WNT-7a also induces synapsin I clustering at remodeled areas of mossy fibers, a preliminary 
step in synaptogenesis. Wnt-7a mutant mice show a delay in the morphological maturation of 
glomerular rosettes and in the accumulation of synapsin I. We propose that WNT-7a can 

10 function as a synaptogenic factor. 

Estrogens have important functions in mammary gland development and 
carcinogenesis. To better define these roles, Bocchinfuso WP, et al., (Cancer Res 1999 Apr 
15;59(8):1869-76) have used two previously characterized lines of genetically altered mice: 
estrogen receptor-alpha (ER alpha) knockout (ERKO) mice, which lack the gene encoding ER 

15 alpha, and mouse mammary virus tumor (MMTV)-Wnt-1 transgenic mice (Wnt-1 TG), which 
develop mammary hyperplasia and neoplasia due to ectopic production of the Wnt-1 secretory 
glycoprotein. Bocchinfuso WP, et al. have crossed these lines to ascertain the effects of ER 
alpha deficiency on mammary gland development and carcinogenesis in mice expressing the 
Wnt-1 transgene. Introduction of the Wnt-1 transgene into the ERKO background stimulates 

20 proliferation of alveolar-like epithelium, indicating that Wnt-1 protein can promote 

mitogenesis in the absence of an ER alpha-mediated response. The hyperplastic glandular 
tissue remains confined to the nipple region, implying that the requirement for ER alpha in 
ductal expansion is not overcome by ectopic Wnt-1. Tumors were detected in virgin ERKO 
females expressing the Wnt-1 transgene at an average age (48 weeks) that is twice that seen in 

25 virgin Wnt-1 TG mice (24 weeks) competent to produce ER alpha. Prepubertal ovariectomy of 
Wnt-1 TG mice also extended tumor latency to 42 weeks. However, pregnancy did not appear 
to accelerate the appearance of tumors in Wnt-1 TG mice, and tumor growth rates were not 
measurably affected by late ovariectomy. Small hyperplastic mammary glands were observed 
in Wnt-1 TG males, regardless of ER alpha gene status; the glands were similar in appearance 

30 to those found in ERKO/Wnt-1 TG females. Mammary tumors also occurred in Wnt-1 TG 
males; latency tended to be longer in the heterozygous ER alpha and ERKO males (86 to 100 
weeks) than in wild-type ER alpha mice (ca. 75 weeks). Bocchinfuso WP, et al. concluded that 
ectopic expression of the Wnt-1 proto-oncogene can induce mammary hyperplasia and 
tumorigenesis in the absence of ER alpha in female and male mice. The delayed time of tumor 
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appearance may depend on the number of cells at risk of secondary events in the hyperplastic 
glands, on the carcinogenesis-promoting effects of ER alpha signaling, or on both. 

Wnt-1 and Wnt-3a proto-oncogenes have been implicated in the development of 
midbrain and hindbrain structures. Evidence for such a role has been derived from in situ 
5 hybridization studies showing Wnt-1 and -3a expression in developing cranial and spinal cord 
regions and from studies of mutant mice whose Wnt-1 genes have undergone targeted 
disruption by homologous recombination. Wnt-1 null mutants exhibit cranial defects but no 
spinal cord abnormalities, despite expression of the gene in these regions. The absence of 
spinal cord abnormalities is thought to be due to a functional compensation of the Wnt-1 

10 deficiency by related genes, a problem that has complicated the analysis of null mutants of 
other developmental genes as well. Augustine K, et al., (Dev Genet 1993;14(6):500-20) 
describe the attenuation of Wnt-1 expression using antisense oligonucleotide inhibition in 
mouse embryos grown in culture. Augustine K, et al. induced similar mid- and hindbrain 
abnormalities as those seen in the Wnt-1 null mutant mice. Attenuation of Wnt-1 expression 

1 5 was also associated with cardiomegaly resulting in hemostasis. These findings are consistent 
with the possibility that a subset of Wnt-1 expressing cells include neural crest cells known to 
contribute to septation of the truncus arteriosus and to formation of the visceral arches. 
Antisense knockout of Wnt-3a, a gene structurally related to Wnt-1, targeted the forebrain and 
midbrain region, which were hypoplastic and failed to expand, and the spinal cord, which 

20 exhibited lateral outpocketings at the level of the forelimb buds. Dual antisense knockouts of 
Wnt-1 and Wnt-3a targeted all brain regions leading to incomplete closure of the cranial 
neural folds, and an increase in the number and severity of outpocketings along the spinal 
cord, suggesting that these genes complement one another to produce normal patterning of the 
spinal cord. The short time required to assess the mutant phenotype (2 days) and the need for 

25 limited sequence information of the target gene (20-25 nucleotides) make this antisense 

oligonucleotide/whole embryo culture system ideal for testing the importance of specific genes 
and their interactions in murine embryonic development. 

Wnt-1 (previously known as int-1) is a proto-oncogene induced by the integration of 
the mouse mammary tumor virus. It is thought to play a role in intercellular communication 

30 and seems to be a signalling molecule important in the development of the central nervous 

system (CNS). The sequence of wnt-1 is highly conserved in mammals, fish, and amphibians. 
Wnt-1 is a member of a large family of related proteins that are all thought to be 
developmental regulators. These proteins are known as wnt-2 (also known as irp), wnt-3 up to 
wnt-1 5. At least four members of this family are present in Drosophila. One of them, wingless 
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(wg), is implicated in segmentation polarity. All these proteins share the following features 
characteristics of secretory proteins, a signal peptide, several potential N-glycosylation sites 
and 22 conserved cysteines that are probably involved in disulfide bonds. The Wnt proteins 
seem to adhere to the plasma membrane of the secreting cells and are therefore likely tosignal 
5 over only few cell diameters. 

The disclosed NOV8 nucleic acid of the invention encoding a Wnt-14-like protein 
includes the nucleic acid whose sequence is provided in Table 8A or a fragment thereof The 
invention also includes a mutant or variant nucleic acid any of whose bases may be changed 
from the corresponding base shown in Table 8A while still encoding a protein that maintains 

10 its Wnt-14-like activities and physiological functions, or a fragment of such a nucleic acid. 

The invention further includes nucleic acids whose sequences are complementary to those just 
described, including nucleic acid fragments that are complementary to any of the nucleic acids 
just described. The invention additionally includes nucleic acids or nucleic acid fragments, or 
complements thereto, whose structures include chemical modifications. Such modifications 

1 5 include, by way of nonlimiting example, modified bases, and nucleic acids whose sugar 

phosphate backbones are modified or derivatized. These modifications are carried out at least 
in part to enhance the chemical stability of the modified nucleic acid, such that they may be 
used, for example, as antisense binding nucleic acids in therapeutic applications in a subject. 
In the mutant or variant nucleic acids, and their complements, up to about 23 percent of the 

20 bases may be so changed. 

The disclosed NOV8 protein of the invention includes the Wnt-14-like protein whose 
sequence is provided in Table 8B. The invention also includes a mutant or variant protein any 
of whose residues may be changed from the corresponding residue shown in Table 8B while 
still encoding a protein that maintains its Wnt-14-like activities and physiological functions, or 

25 a functional fragment thereof. In the mutant or variant protein, up to about 24 percent of the 
residues maybe so changed. 

The protein similarity information, expression pattern, and map location for the Wnt- 
14-like protein and nucleic acid (NOV8) disqlosed herein suggest that NOV8 may have 
important structural and/or physiological functions characteristic of the Wnt-14-like family. 

30 Therefore, the NOV8 nucleic acids and proteins of the invention are useful inpotential 
diagnostic and therapeutic applications. These include serving as a specific or selective 
nucleic acid or protein diagnostic and/or prognostic marker, wherein the presence or amount 
of the nucleic acid or the protein are to be assessed, as well as potential therapeutic 
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applications such as the following: (i) a protein therapeutic, (ii) a small molecule drug target, 
(iii) an antibody target (therapeutic, diagnostic, drug targeting/cytotoxic antibody), (iv) a 
nucleic acid useful in gene therapy (gene delivery/gene ablation), and (v) a composition 
promoting tissue regeneration in vitro and in vivo. 

The NOV8 nucleic acids and proteins of the invention are useful in potential diagnostic 
and therapeutic applications implicated in various diseases and disorders described below 
and/or other pathologies. For example, the compositions of the present invention will have 
efficacy for treatment of patients suffering fromVon Hippel-Lindau (VHL) syndrome , 
Alzheimer's disease, stroke, tuberous sclerosis, hypercalcemia, Parkinson's disease, 
Huntington's disease, cerebral palsy, epilepsy, Lesch-Nyhan syndrome, multiple sclerosis, 
ataxia-telangiectasia, leukodystrophies, behavioral disorders, addiction, anxiety, pain, 
neurodegeneration, cancer, developmental defects, and/or other pathologtes/disorders. The 
NOV8 nucleic acid, or fragments thereof, may further be useful in diagnostic applications, 
wherein the presence or amount of the nucleic acid or the protein are to be assessed. 

NOV8 nucleic acids and polypeptides are further useful in the generation of antibodies 
that bind immunospecifically to the novel substances of the invention for use in therapeutic or 
diagnostic methods. These antibodies may be generated according to methods known in the 
art, using prediction from hydrophobicity charts, as described in the "Anti-NOVX Antibodies" 
section below. For example the disclosed NOV8 protein have multiple hydrophilic regions, 
each of which can be used as an immunogen. In one embodiment, contemplated NOV8 
epitope is from about amino acids 40 to 70. In another embodiment, the comtemplatedNOV8 
epitope is from about amino acids 80 to 1 10. In further embodiments, the contemplated NOV8 
epitope is from about amino acids 120 to 200, from about amino acids 220 to 245, from about 
amino acids 250 to 280, or from about amino acids 290 to 340. This novel protein also has 
value in development of powerftd assay system for functional analysis of various human 
disorders, which will help in understanding of pathology of the disease and development of 
new drug targets for various disorders, 

NOV9 

A disclosed NOV9 nucleic acid of 2037 nucleotides (also referred to as 
AC069250_28_dal) encoding a beta-adrenergic receptor kinase-like protein is shown in Table 
9A. An open reading frame was identified beginning with an ATG initiation codon at . 
nucleotides 16-18 and ending with a TGA codon at nucleotides 2020-2022. A putative 
untranslated region upstream from the initiation codon and downstream from the termination 
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codon is underlined in Table 9A. The start and stop codons are in bold letters. Single 
nucleotide polymorphism data for NOV9 is discussed in further detail in Example 3. 



Table 9A. NOV9 nucleotide sequence (SEQ ID NO:23). 



GCCGCCGCCGCCAAGA TGGCGGACCTGGA6GCGGT6CT6GCCGAC6TGA6CTACCTGATGGCCAT6GAGAAG 
AGCAAGGCCACGCCGGCCGCGCGCGCCAGCAAGAAGATACTGCTGCCCGAGCCCAGCATCCGCAGTGTCATG 
CAGAAGTACCTGGAGGACCGGGGCGAGGTGACCTTTGAGAAGATCTTTTCCCAGAAGCTGGGGTACCTGCTC 
TTCCGAGACTTCTGCCTGAACCACCTGGAGGAGGCCAGGCCCTTGGTGGAATTCTATGAGGAGATCAAGAAG 
TACGAGAAGCTGGAGACGGAGGAGGAGCGTGTGGCCCGCAGCCGGGAGATCTTCGACTCATACATCATGAAG 
GAGCTGCTGGCCTGCTCGCATCCCTTCTCGAAGAGTGCCACTGAGCATGTCCAAGGCCACCTGGGGAAGAAG 
CAGGTGCCTCCGGATCTCTTCCAGCCATACATCGAAGAGATTTGTCAAAACCTCCGAGGGGACGTGTTCCAG 
AAATTCATTGAGAGCGATAAGTTCACACGGTTTTGCCAGTGGAAGAATGTGGAGCTCAACATCCACCTGACC 
ATGAATGACTTCAGCGTGCATCGCATCATTGGGCGCGGGGGCTTTGGCGAGGTCTATGGGTGCCGGAAGGCT 
GACACAGGCAAGATGTACGCCATGAAGTGCCTGGACAAAAAGC 

GCCCTGAACGAGCGCATCATGCTCTCGCTCGTCAGCACTGGGGACTGCCCATTCATTGTCTGCATGTCATAC 
GCGTTCCACACGCCAGACAAGCTCAGCTTCATCCTGGACCTCATGAACGGTGGGGACCTGCACTACCACCTC 
TCCCAGCACGGGGTCTTCTCAGAGGCTGACATGCGCTTCTATGCGGCCGAGATCATCCTGGGCCTGGAGCAC 
ATGCACAACCGCTTCGTGGTCTACCGGGACCTGAAGCCAGCCAACATCCTTCTGGACGAGCATGGCCACGTG 
CGGATCTCGGACCTGGGCCTGGCCTGTGACTTCTCCAAGAAGAAGCCCCATGCCAGCGTGGGCACCCACGGG 
TACATGGCTCCGGAGGTCCTGCAGAAGGGCGTGGCCTACGACAGCAGTGCCGACTGGTTCTCTCTGGGGTGC 
ATGCTCTTCAAGTrGCTGCGGGGGCACAGCCCCTTCCGGCAGCACAAGACCAAAGACAAGCATGAGATCGAC 
CGCATGACGCTGACGATGGCCGTGGAGCTGCCCGACTCCTTCTCCCCTGAACTACGCTCCCTGCTGGAGGGG 
TTGCTGCAGAGGGATGTCAACCGGAGATTGGGCTGCCTGGGCCGAGGGGCTCAGGAGGTGAAAGAGAGCCCC 
TTTTTCCGCTCCCTGGACTGGCAGATGGTCTTCTTGCAGAAGTACCCTCCCCCGCTGATCCCCCCACGAGGG 
GAGGTGAACGCGGCCGACGCCTTCGACATTGGCTCCTTCGATGAGGAGGACACAAAAGGAATCAAGCAGGAG 
GTGGCAGAGACTGTCTTCGACACCATCAACGCTGAGACAGACCGGCTGGAGGCTCGCAAGAAAGCCAAGAAC 
AAGCAGCTGGGCCATGAGGAAGACTACGCCCTGGGCAAGGACTGCATCATGCATGGCTACATGTCCAAGATG 
GGCAACCCCTTCCTGACCCAGTGGCAGCGGCGGTACTTCTACCTGTTCCCCAACCGCCTCGAGTGGCGGGGC 
GAGGGCGAGGCCCCGCAGAGCCTGCTGACCATGGAGGAGATCCAGTCGGTGGAGGAGACGCAGATCAAGGAG 
CGCAAGTGCCTGCTCCTCAAGATCCGCGGTGGGAAACAGTTCATTTTGCAGTGCGATAGCGACCCTGAGCTG 
GTGCAGTGGAAGAAGGAGCTGCGCGACGCCTACCGCGAGGCCCAGCAGCTGGTGCAGCGGGTGCCCAAGATG 
AAGAACAAGCCGCGCTCGCCCGTGGTGGAGCTGAGCAAGGTGCCGCTGGTCCAGCGCGGCAGTGCCAACGGC 
CTCTGACCCGCCCACCCGCCT 



In a search of public sequence databases, the NOV9 nucleic acid sequence, located on 
chromsome 1 1 has 1546 of 1574 bases (98%) identical to a beta-adrenergic receptor kinase 1 
mRNA from Homo sapiens, (GENBANK-E): HUMBARK1 A) (E = 0.0). Public nucleotide 
databases include all GenBank databases and the GeneSeq patent database. 

The disclosed NOV9 polypeptide (SEQ ID NO:24) encoded by SEQ ID NO:23 has 
668 amino acid residues and is presented in Table 9B using the one-letter amino acid code. 
Signal P, Psort and/or Hydropathy results predict that NOV9 has no signal peptide and is 
likely to be localized in the nucleus with a certainty of 0.3000. In other embodiments, NOV9 
may also be localized to the microbody (peroxisome) with acertainty of 0.1478, the 
mitochondrial matrix (lumen) with a certainty of 0. 1000 or in the lysosome (lumen) with a 
certainty of 0.1000. 



Table 9B. Encoded NOV9 protein sequence (SEQ ID NO:24). 

MADLEAVLADVSYLMAMEKSKATPAARASKKILL PEPS IRS VMQKYLEDRGEVTFEKI FSQKLGYLLFRDFC 
LNHLEEARPLVEFYEEIKBCYEECLETEEERVARSREIFDSYIMKELIACSHPFSKSRTEHVQGHLGKKQVPPD 
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LFQPYIEEICQNLRGDVFQKFIESDKFTRFCQWKNVELNIHLTMNDFSVHRIIGRGGFGEVYGCRKADTGKM 
YAMKCLDKKRIKMKQGETLALNERIMLSLVSTGDCPFIVCMSYAFHTPDKLSFILDLMNGGDLHYHLSQHGV 
FSEADMRFYAAEIILGLEHMHNRFWYRDLKPANILLDEHGHVRISDLGLACDFSKKKPHASVGTHGYMAPE 
VLQKGVAYDSSADWFSLGCMLFKLLRGHSPFRQHKTKDKHEIDRMTLTMAVELPDSFSPELRSLLEGLLQRD 
VNRRLGCLGRGAQEVKESPFFRSLDWQMVFLQKYPPPLIPPRGEVNAADAFDIGSFDEEDTKGIKQEVAETV 
FDTINAETDRLEARKKAKNKQLGHEEDYALGKDCIMHGYMSKMGNPFLTQWQRRYFYLFPNRLEWRGEGEAP 
QSLLTMEEIQSVEETQIKERKCLLLKIRGGKQFILQCDSDPELVQWKKELRDAYREAQQLVQRVPKMKNKPR 
SPVVELSKVPLVQRGSANGL 



A search of sequence databases reveals that the NOV9 amino acid sequence has 495 of 
49^amino acid residues (99%) identical to, and 495 of 497 amino acid residues (99%) similar 
to, the 689 amino acid residue beta-adrenergic receptor kinase from Homo sapiens (A53791) 
5 (E = 0.0). Public amino acid databases include the GenBank databases, SwissProt, PDB and 
PIR. 

NOV9 is expressed in at least the following tissues: adrenal gland, bone marrow, brain 
- amygdala, brain - cerebellum, brain - hippocampus, brain - substantia nigra, brain - thalamus, 
brain -whole, fetal brain, fetal kidney, fetal liver, fetal lung, heart, kidney, lymphoma - Raji, 
10 mammary gland, pancreas, pituitary gland, placenta, prostate, salivary gland, skeletal muscle, 
small intestine, spinal cord, spleen, stomach, testis, thyroid, trachea, uterus. This information 
was derived by determining the tissue sources of the sequences that were included in the 
invention including but not limited to SeqCalling sources, Public EST sources, Literature 
sources, and/or RACE sources. 

15 In addition, the sequence is predicted to be expressed in blood leukocytes because of 

the expression pattern of (GENBANK-ID:gb:GENBANK-ro:HUMBA^ 
a closely related Human beta-adrenergic receptor kinase 1 mRNA, complete cds homolog in 
species Homo sapiens. 

The disclosed NOV9 polypeptide has homology to the amino acid sequences shown in 
20 the BLASTP data listed in Table 9C. 



Table 9C. BLAST results for NOV9 


Gene Index/ 
Identifier 


Protein/ Organism 


Length 
(aa) 


Identity 
(%) 


Positives 
(%) 


Expect 


ptnr:pir-id:A53791 


beta-adrenergic- 
receptor kinase 
(EC 2.7.1.126) 1 
- human 


689 


495/497 
(99%) 


495/497 
(99%) 


0.0 


ptnr:SWISSPROT- 
ACC:P25098 


Beta-adrenergic 
receptor kinase 1 
(EC 2.7.1.126) 


689 


494/497 
(99%) 


495/497 
(99%) 


0.0 


ptnr : SPTREMBL- 
ACC.-Q99LL8 


SIMILAR TO 
ADRENERGIC, BETA, 
RECEPTOR KINASE 1 
- Mus mus cuius 


687 


490/495 
(98%), 


493/495 
(99%) 


o.o 
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ptnr:SWISSPROT- 
ACC:P2 6817 


Beta-adrenergic 
receptor kinase 1 


689 


489/497 
(98%) 


493/497 
(99%) 


0,0 


ptnr : SPTREMBL- 
ACC:Q99MK8 


G PROTEIN 
RECEPTOR KINASE 2 


689 


490/497 
(98%) 


494/497 
(99%) 


0.0 



The homology between these and other sequences is shown graphically in the 
ClustalW analysis shown in Table 9D. In the ClustalW alignment of the NOV9 proteins, as 
well as all other ClustalW analyses herein, the black outlined amino acid residues indicate 
regions of conserved sequence regions that maybe required to preserve structural or 
functional properties), whereas non-highlighted amino acid residues are less conserved and 
can potentially be altered to a much broader extent without altering protein structure or 
function. 



Table 9D. ClustalW Analysis of NOV9 

1) NOV9 (SEQ ID NO: 24) 

2) ptnr:pir-id:A53791 beta-adrenergic-receptor kinase (EC 2.7.1.126) 1 (SEQ ID 
N0:69) 

3) ptnr:SWISSPROT-ACC:P25098 Beta-adrenergic receptor kinase 1 (EC 2.7.1.126) 
(SEQ ID NO: 70) 

4) ptnr : SPTREMBL-ACC:Q99LL8 SIMILAR TO ADRENERGIC, BETA, RECEPTOR KINASE 1 - MUS 
musculus (Mouse) (SEQ ID NO: 71) 

5) 6) ptnr:SWISSPR0T-ACC:P26817 Beta-adrenergic receptor kinase 1 (EC 2.7.1.126) 
(Beta-ARK-1) (SEQ ID NO: 72) 



MADLEAVLADVSYLMAMEKSKATPAARASKKILLPEPSIRSVMQKYLEDRGEVTFEKIFS 
MADLEAVLADVSYLMAIytEKSKATPAARASKKILLPEPSIRSVMQKYLEDRGEVTFEKIFS 
MADLEAVLADVSYLMAMEKSKATPAARASKKILLPEPSIRSVMQKYLEDRGEVTFEKIFS 

Hdleavladvsylmamekskatpaaraskkillpepsirsvmqkyledrgevtfekifs 

iMADLEAVLADVSYLMAMEKSKATPAARASKKILLPEPSIRSVMQKYLEDRGEVTFEKXFS 



NOV9 

A53791 

P25098 

Q99LL8 

P26817 



NOV9 

A53791 

P25098 

Q99LL8 

P26817 



qklgyllfrdfci^hleearplvefyeeikkyekleteeervarsreifdsyimkellac 
qklgyllfrdfclShleearplvefyeeikkyekleteeervarsreifdsyimkellac 
qklgyllfrdfclHhleearplvefyeeikkyekleteeervarsreifdsyimkellac 
qklgyllfrdfclwhleeaSplvefyeeikkyekleteeervSrsreifdsyimkellac 



qklgyllfrdfBlE 



SplvefyeeiEkyekleteeervErsreifdsyimkellac 



120 
120 
120 
118 
120 



NOV9 

A53791 

P25098 

Q99LL8 

P26817 



shpfsksatehvqghlgkkqvppdlfqpyieeicqwlrgdvfqkfiesdkftrfcqwkg v 
shpfsksatehvqghlgkkqvppdlfqpyieeicqSlrgdvfqkfiesdkftrfcqwkSv 
shpfsksatehvqghlgkkqvppdlfqpyieeicqSlrgdvfqkfiesdkftrfcqwkS V 
shpfsk^tehvqghlKkkqvppdlfqpyieeicqSlrgdvfqkfiesdkftrfcqwkS V 

SHPFSKfflATEHVQGHLBKKQVPPDLFQPYIEEICQBLRGDVFillKFIESDKFTRFCQWKSv 



180 
180 
180 
178 
180 



NOV9 

A53791 

P25098 

Q99LL8 

P26817 



ELjjIHLTMjjDFSVHRIIGRGGFGEVYGCRKADTGKMYAMKCLDKKRIKMKQGETLALgER 

ELg ihltmS dfsvhriigrggfgevygcrkSdtgkmyamkcldkkrikmkqgetlalS ER 
Ed? ihltmS dfsvhriigrggfgsvygcrkSdtgkmyamkcldkkrikmkqgetlalS er 

ELg IHLTMg DFSVHRIIGRGGFGEVYGCRKADTGKMYAMKCLDKKRIKMKQGETLAlS ER 

el^ihltm^dfsvhriigrggfgevygcrkadtgkmyamkcldkkrikmkqgetlalSer 



ELglHLTMfflDFSVHRIIGRGGFGEVYGCRKBDTGKMYAMKCLDKKRIKMKQGETLALSER 



240 
240 
240 
238 
240 



NOV9 

A53791 

P25098 

Q99LL8 

P26817 



IMLSLVSTGDCPFIVCMSYAFHTPDKLSFILDLMlj 
IMLSLVSTGDCPFIVCMSYAFHTPDKLSFILDLMg 
IMLSLVSTGDCPFIVCMSYAFHTPDKLSFILDLMg 
IMLSLVSTGDCPFIVCMSYAFHTPDKLSFILDLM* 
IMLSLVSTGDCPFIVCMSYAFHTPDKLSFILDLM 



GGDLHYHLSQHGVFSEADMRFYAAE 
GGDLHYHLSQHGVFSEADMRFYAAE 
GGDLHYHLSQHGVFSEADMRFYAAE 
GGDLHYHLSQHGVFSEADMRFYAAE 
GGDLHYHLSQHGVFSEADMRFYAAE 



300 
300 
300 
298 
300 



NOV9 
A53791 



iilglehmhgrfwyrdlkpagllldehghvrisdlglacdfskkkphasvgthgymape 
iilglehmhSrfwyrdlkpaSilldehghvrisdlglacdfskkkphasvgthgymape 
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NOV9 

A53791 

P25098 

Q99LL8 

P26817 

NOV9 

A53791 

P25098 

Q99LL8 

P26817 

NOV9 

A53791 

P25098 

Q99LL8 

P26817 

NOV9 

A53791 

P25098 

Q99LL8 

P26817 

NOV9 

A53791 

P25098 

Q99LL8 

P26817 

NOV9 

A53791 

P25098 

Q99LL8 

P26817 



IILGLEHMHj RFVVYRDLKPA 
I I LGLEHMHg RFVVYRDLKPA 

i ilglehmhS rfwyrdlkpa 


jlLLDEHGHVRISDLGLACDFSKKKPHASVGTHGYMAPE 
SlLLDEHGHVRISDLGLACDFSKKgPHASVGTHGYMAPE 
f ILLDEHGHVRISDLGLACDFSKKKPHASVGTHGYMAPE 





PCT/US01/48922 

360 
358 
360 



VLQKGVAYDSSADWFSLGCMLFKLLRGHSPFRQHKTKDKHEIDRMTLTMAVELPDSFSPE 
VLQKGVAYDSSADWFSLGCMLFKLLRGHSPFRQHKTKDKHEIDRMTLTMAVELPDSFSPE 
VLQKGVAYDSSADWFSLGCMLFKLLRGHSPFRQHKTKDKHEIDRMTLTMAVELPDSFSPE 
VLQKGVAYDSSADWFSLGCMLFKLLRGHSPFRQHKTKDKHEIDRMTLTMAVELPDSFSPE 
VLQKGVAYDSSADWFSLGCMLFKLLRGHSPFRQHKTKDKHEIDRMTLTMAVELPDSFSPE 



lrsllegllqrdvgrrlgclgrgaqevkespffrsldwqmvflqkyppplipprgevgaa 
lgsllegllqrdvg rrlgclgrgaqevkespffrsldwqmvflqkyppplipprgevg aa 
lgsllegllqrdvg rrlgclgrgaqevkespffrsldwqmvflq^yppplipprgevg aa 
lrsllegllqrdvSrrlgclgrgaqevkespffrsldwqmvflqkyppplipprgevSaa 
lrsllegllqrdvSrrlgclgrgaqeSHkespffrsldwqmvflqkyppplipprgevSaa 



DAFD IGSFDEE DTKG I ■•mj i • ""f^^^^^^aOF.VAF.TVFnT Ig AET DRLE ARK 
DAFDIGSFDEEDTKGIKLLDSDQELYRjj FPLTISERWQQEVAETVFDTIg AETDRLEARK 
DAFDIGSFD.EEDTKGIKLLDSDQELYRg FPLTISERWQQEVAETVFDTIg AETDRLEARK 
DAFDIGSFDEEDTKGIKLLDSDQELYrS FPLTISERWQQEVAETVFDTIg AET DRLE ARK 

dafdigsfdeedtkgiklldsdqelyrSfpltiserwqqevaetvfdtiiSaetdrleark 



KAKijKQLGHEEDYALGKDCIMHGYMSKMGijlPFLTQWQRRYFYLFPijjRLEWRGEGEAPQSL 
KAKfflKQLGHEEDYALGKDCIMHGYMSKMGfflpFLTQWQRRYFYLFPgRLEWRGEGEAPQSL 

kakSkqlgheedyalgkdcimhgymskmgHpfltqwqrryfylfpS RLEWRGEGEAPQSL 
kakBkqlgheedyalgkdciJhgymskmgSpfltqwqrryfylfpS RLEWRGEGEAPQSL 
KvAkSkqlgheedyalgkdcimhgymskmgSpfltqwqrryfylfpSrlewrgeBeapqsl 



LTMEEIQSVEETQIKERKCLLLKIRGGKQFILQCDSDPELVQWKKELRDAYREAQQLVQR 
LTMEEIQSVEETQIKERKCLLLKIRGGKQFILQCDSDPELVQWKKELRDAYREAQQLVQR 

ltmeeiqsveetqikerkclllkirggkqfilqcdsdpelvqwkkelrdayreaqqlvqr 
ltmeeiqsveetqikerkclllkirggkqfffllqcdsdpelvqwkkelrdayreaqqlvqr 
ltmeeiqsveetqikerkclllkirggkqfBlqcdsdpelvqwkkelrdayreaqqlvqr 



420 
420 
420 
418 
420 

480 
480 
480 
478 
480 

519 
540 
540 
538 
540 

579 
600 
600 
598 
600 

639 
660 
660 
658 
660 



VPKMKjaKPRSPVVELSKVPLVQRGSAjjGL 

vpkmkS kprspvvelskvplvqrgsaSgl 
vpkmkg kprspvvelskvplvqrgsaggl 

VPKMKg KPRSPVVELSKVPLgQRGSftJSGL 

vpkmkSkprspvvelskvplhqrgsaSgl 



668 
689 
689 
687 
689 



Tables 9E-9L list the domain descriptions from DOMAIN analysis results against 
NOV9. This indicates that the NOV9 sequence has properties similar to those of other 
proteins known to contain this domain. 



Table 9E. Domain Analysis of NOV9 

gnl 1 Smart I smart00220 / SJTKc, Serine/Threonine protein kinases, 
catalytic domain; Phosphotransferases. Serine or threonine-specif ic 
kinase subfamily. (SEQ ID NO: 98) 
CD-Length = 256 residues, 100.0% aligned 
Score = 237 bits (604), Expect - 2e-63 



Query: 191 FSVHRIIGRGGFGEVYGCRKADTGKMYAMKCLDKKRIKMKQGETLALNERIMLSLVSTGD 250 

+ + ++|+| 11+11 | ]+) + |+++| |+ ] J|+l+ | 
Sbjct: 1 YELLEVLGKGAFGBCVYLARDKKTGKLVAIKVIKKEKLKKKKRER-ILREIKILKKL D 56 

Query: 251 CPFIVCMSYAFHTPDKLSFILDLMNGGDLHYHLSQHGVFSEADMRFYAAEIILGLEHMHN 310 

MI+ I ill +++ (111 I + I II + 11 II +1+ ||++| + 
Sbjct : 57 HPNIVKLYDVFEDDDKLYLVMEYCEGGDLFDLLKKRGRLSEDEARFYARQILSALEYLHS 116 

Query : 311 RFWYRDLKPANILLDEHGHVRI S DLGLACD FSKKKPHAS— VGTHGYMAPE VLQKGVAY 368 
+ +++MMI II I II HI + (II I 11 II I I I | 
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Sbjct : 117 QGIIHRDLKPENILLDSDGHVKLADFGLAKQLDSGGTLLTTFVGTPEYMAPEVL-LGKGY 175 



Query: 369 DSSADWFSLGCMLFKLLRGHSPFRQHKTKDK-HEIDRMTLTMAVELPDSFSPELRSLLEG 

+ I +1 I I + I++I I I I I + I I I + I++ 

Sbjct: 17 6 GKAVDIWSLGVILYELLTGKPPFPGDDQLLALFKKIGKPPPPFPPPEWKISPEAKDLIKK 

Query: 428 LLQRDVNRRLGCLGRGAQEVKESPFF 453 

I I +1 +1 I l + l I II) 

Sbjct: 236 LLVKDPEKRL TAEEALEHPFF 256 



427 



235 



Table 9F. Domain Analysis of N0V9 



qnll Pfam|pfamOQ069 , p kinase, Protein kinase domain. 
CD-Length =256 residues, 100.0% aligned 
Score = 221 bits (562), Expect = le-58 



(SEQ ID NO: 99) 



15 



20 



25 



30 



Query: 


191 


Sbjct: 


1 


Query: 


251 


Sbjct: 


56 


Query: 


310 


Sbjct: 


116 


Query: 


367 


Sbjct: 


175 


Query: 


427 


Sbjct: 


235 



FSVHRIIGRGGFGEVYGCRKADTGKMYAMKCLDKKRIKMKQGETIALNERIMLSLVSTGD 250 
+ + +1 I I 1 + 11 + I l+I I 1+ + 1+ I I +1 +1 

YELGEKLGSGAFGKVYKGKHKDTGEIVAIKILKKRSLSEKKKRFL — REIQILRRLS 55 

CPFIVCMSYAFHTPDKLSFILDLMNGGDLHYHLSQHGVF-SEADMRFYAAEIILGLEHMH 309 

111+ I I I +++ I I I I I +1 ++I+ I I + + 1+1+ I II++I 

HPNIVRLLGVFEEDDHIiYLVMEYMEGGDLFDYLRRNGLLLSEKEAKKIALQILRGLEYLH 115 

NRFWYRDLKPAN ILLDEHGHVRI SDLGLACDF SKKKPHAS VGTHGYMAPEVLQKGV 366 

+ 1 +I + IIIII lillll + l l + l + l III l+l 111 NIMH +1 

SRGIVHRDLKPENILLDENGTVKIADFGLARKLESSSYEKLTTFVGTPEYMAPEVL-EGR 174 

AYDSSADWFSLGCMLFKLLRGHSPFRQHKTKDKHEIDRMTLTMAVELPDSFSPELRSLLE 426 

II I +1 I I +I++I I I I I ++ + + + I I + I I 1+ I++ 

GYSSKVDVWSLGVILYELLTGKLPFPGIDPLEELFRIKERPRLRLPLPPNCSEELKDLIK 234 



I +1 +1 



1+1+ l+l 
-TAKEILNHPWF 256 



Table 9G. Domain Analysis of NOV9 

gnl ] Pf am) pf am00615 , RGS, Regulator of G protein signaling domain. RGS 
family members are GTPase-activating proteins for heterotrimeric G- 
protein alpha- subunit s . (SEQ ID NO: 106) 
CD-Length =119 residues, 100.0% aligned 
Score =* 130 bits (326) , Expect « 3e-31 



35 



40 



Query: 
Sbjct: 
Query: 
Sbjct: 
Query: 
Sbjct: 



54 



114 



59 



TFEKIFSQKLGYLLFRDFCLNHLEEARPLVEFYEEIKKYEKLETEEERVARSREIFDSYI 
+ 111+ l+l llll + l I +11+ +++III I ++I ++MI + I+I 

SFEKLLKQPIGRLLFREFLETEFSE — ENLEFWLAVEEYEKTEDPDKRPDKAREIYDEFI 



113 



58 



173 



MKELLACSHPFSKSATEHVQGHLGKKQVPPDLFQPYIEEICQNLRGDVFQKFIESDKFTR 
I II I +1 I MI+ II +111 I +I + MI HI 

SPEAPKPEVNLDSELREHTQDNL-LKAPTKDLFEEAQREIYDLMRGDSFPRFLESDYFTR 117 



174 FC 175 
I 

118 FL 119 
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Table 9H. Domain Analysis of NOV9 

gnl 1 Smart 1 smart00219 , TyrKc, Tyrosine kinase, catalytic domain; 
Phosphotransferases. Tyrosine-specif ic kinase subfamily. (SEQ ID 
NO:100) 

CD- Length = 258 residues, 94.6% aligned 
Score - 110 bits (275), Expect « 3e-25 



Query: 195 RI IGRGGFGE VYGCR KADTGKMYAMKCLDKKRIKMKQGETLALNE-RIMLSLVSTGD 250 

+ +1 I I I I I I I l + l I I +1 1! 1 + 1 I I 
Sbjct : 5 KKLGEGAFGEVYKGTLKGKGGVEVEVAVKTL — KEDASEQQIEEFLREARLMRKL D 58 

Query : 251 CPFIVCMSYAFHTPDKLSFILDLMNGGDLHYHLSQHG — VFSEADMRFYAAEI I LGLEHM 308 

111+ + I +++ I I I I I +1 ++ I +1+ +| +1 | + |++ 

Sbjct : 59 HPNI VKLLGVCTEEE PLMIVME YMEGGDLLDYLRKNRPKELSLS DLLS FALQI ARGMEYL 118 

Query : 309 HNRFWYRDLKPANILLDEHGHVRISDLGLACDFSKKKPHASVGTHG YMAPEVLQK 364 

++ l + MI I 1+ f+ l + l + l III ( + + +1111 1 + 

Sbjct : 119 ESKNFVHRDLAARNCLVGENKTVKIADFGI^DLYDDDYYRKKKSPRLPIRWiyiAPESLKD 178 

Query : 365 G VAYD S S ADW FS LGCML FKL L -RGH S P FRQHKTKDKHE I DRMTLTMAVE L P D S FS PE LR S 423 

I + I +1 +1 I +I+++ MI+ ++ ++ + + I + | + 

Sbj ct : 179 GK-FTSKSDVWSFGVLLWEIFTLGESPY — PGMSNEEVLEYLKKGYRLPQPPNCPDEIYD 235 

Query: 424 LLEGLLQRDVNRR 436 

1+ I I 

Sbjct: 236 LMLQCWAEDPEDR 24 8 



Table 91. Domain Analysis of NOV9 

gnl | Smart | smart00315 , RGS, Regulator of G protein signalling domain; 
RGS family members are GTPase-activating proteins for heterotrimeric 
G-protein alpha-subunits . (SEQ ID NO: 107) 
CD-Length m 119 residues, 100.0% aligned 
Score » 100 bits (248), Expect « 3e-22 



Query: 54 TFEKI FSQKLGYLLFRDFCLNHLEEARPLVEFYEEIKKYEKLETEEERVARSREIFDSYI 113 

+ I + +1 III l + l + I +M+ +++++I 1 MM ++++M + I | + 
Sbjct : 1 SLESLLRDPIGRLLFREFLESEFSE — ENLEFWLAVEEFKKAEDEEERRSKAKEIYDKYL 58 

Query: 114 MJCELLACSHPFSKSATEHVQGHLGKKQVPPDLFQPYIEEICQNLRGDVFQKFIESDKFTR 173 

I ++ +1 ++ Mill 11+ + I I + +I + III + I 

Sbjct : 59 SPNAPKE-VNLDSDLREEIEENLKNEEPPPDLFDEAQEEVYELLEKDSYPRFLESDYYLR 117 

Query: 174 FC 175 

! 

Sbjct: 118 FL 119 
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Table 9 J. Domain Analysis of NOV9 

gnl I Smart | smart00233 , PH, Pleckstrin homology domain.; Domain commonly 
found in eukaryotic signalling proteins. The domain family possesses 
multiple functions including the abilities to bind inositol 
phosphates, and various proteins. PH domains have been found to 
possess inserted domains (such as in PLC gamma, syntrophins) and to be 
inserted within other domains. Mutations in Brutons tyrosine kinase 
(Btk) within its PH domain cause X-linked agammaglobulinaemia (XLA) in 
patients. Point mutations cluster into the positively charged end of 
the molecule around the predicted binding site for 
phosphatidylinositol lipids. (SEQ ID NO: 108) 
CD- Length = 104 residues, 95.2% aligned 
Score =62.0 bits (149), Expect - le-10 



Query; 539 imGYMSKMGHPFLTQWQRRYFYLFPNRLEVJ RGEGEAPQSLLTMEEIQ SVEE 590 ' 

I I++ I + 111+ + 1+ + + + + 

Sbjct : 2 IKEGWLLKKSSGGKKSWKKRYFVLFNGVLLYYKSKKKKSSSKPKGSIPLSGCTVREAPDS 61 

Query: 591 TQIKERKCLLLKIRGGKQFILQCDSDPELVQWKKELRDA 629 

I++ I + I +1 I +1+ I +1 + I I I 

Sbjct: 62 DSDKKKNCFEIVTPDRKTLLLQAESEEERKEWVEALRKA 100 



Table 9K Domain Analysis of NOV9 

gnl 1 P f am I p faiuO 0169 , PH, PH domain. PH stands for pleckstrin homology. 
(SEQ ID NO:109) 

CD-Length - 100 residues, 97.0% aligned 
Score =55.5 bits (132), Expect = le-08 



Query: 539 IMHGYMSKMGNPFLTQWQRRYFYLFPNRLEW RGEGEAPQSLLTMEEIQSVEETQIKE 595 

+ |++ | + | + + + |+ + + + + 

Sb j ct : 2 VKEGWLLKKSTV1CKKRWKKRYFFLFNDVLIYYKDKKKSYEPKGSIPLSGCSVEDVPDSEF 61 

Query: 596 RKCLLLKIR GGKQFILQCDSDPELVQWKKELRDA 629 

++ ++! I + III! +1+ I I I ++ I 
Sbjct: 62 KRPNCFQLRSRDGKETFILQAESEEERQDWIKAIQSA 98 



Table 9L. Domain Analysis of NOV9 

gnl 1 Smart 1 smart00133 , S TKJC, Extension to Ser/Thr-type protein 

kinases (SEQ ID NO:1107 

CD-Length - 63 residues, 87.3% aligned 

Score =42.7 bits (99), Expect = 7e-05 



Query: 454 RSLDWQMVFLQKYPPPLIPPRGEVNAADAFDIGSFDEEDTKGIKQEVAETVFDTINAETD 513 

I + 1 I + ++ | | + 1 | +I1M ++ || +| + | 
Sb j Ct : 1 RGIDWDKLENKEIEPPFVPKVK SPTDTSNFDPEFT EESPVLTPVDPPLSESD 52 

Query: 514 RLE 516 
+ I 

Sbjct: 53 QDE 55 
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Eukaryotic protein kinases are enzymes that belong to a very extensive family of 
proteins which share a conserved catalytic core common with both serine/threonine and 
tyrosine protein kinases. There are a number of conserved regions in the catalytic domain of 
5 protein kinases. In the N-terminal extremity of the catalytic domain there is a glycine-rich 
stretch of residues in the vicinity of a lysine residue, which has been shown to be involved in 
ATP binding. In the central part of the catalytic domain there is a conserved aspartic acid 
residue which is important for the catalytic activity of the enzyme. 

The beta-adrenergic receptor kinase (beta ARK) catalyses the phosphorylation of the 

10 activated forms of the beta 2-adrenergic receptor (beta 2AR). The interaction between receptor 
and kinase is independent of second messengers and appears to involve a multipoint 
attachment of kinase and substrate with the specificity being restricted by both the primary 
amino acid sequence and conformation of the substrate. Kinetic, functional and sequence 
information reveals that rhodopsin kinase and beta ARK are closely related, suggesting they 

15 are members of a family of G-protein-coupled receptor kinases. 

The beta-adrenergic signaling cascade is an important regulator of myocardial 
function. Significant alterations of this pathway are associated with several cardiovascular 
diseases, including congestive heart failure (CHF). CHF patients share several similar features, 
such as reduced cardiac contractility and neurohumoral activation to compensate the impaired 

20 cardiac function In CHF patients, the cardiac renin-angitensin (RA) system, receptors, GTP- 
binding proteins, and their effector molecules are inevitably exposed to chronically elevated 
neurohumoral stimulation. A widely recognized concept is that a chronic increase in such 
stimulation can desensitize target cell receptors and the post-receptor signal transducing 
pathway. Included in these alterations is increased activity and expression of G protein- 

25 coupled receptor kinases (GRKs), such as the beta-adrenergic receptor kinase (beta ARK1), 
which phosphorylate and desensitize beta-adrenergic receptors (beta ARs). A body of 
evidence is accumulating that suggests that GRKs, in particular beta ARK1, are critical 
determinants of cardiac function under normal conditions and in disease states. Transgenic 
mice with myocardial-targeted alterations of GRK activity have shown profound changes in 

30 the in vivo functional performance of the heart. Included in these studies is the compelling 
finding that inhibition of beta ARK1 activity or expression significantly enhances cardiac 
function and potentiates beta AR signaling in failing cardiomyocytes. An uncoupling of beta2- 
adrenoceptors has been attributed to an increased activity and gene expression of beta- 
adrenergic receptor kinase in failing myocardium, leading to phosphorylation and uncoupling 
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of receptors. The important physiological function of GRK2 as a modulator of the efficacy of 
GPCR signal transduction systems is exemplified by its relevance in cardiovascular 
physiopathology as well as by its emerging role in the regulation of chemokine receptors. 

The disclosed NOV9 nucleic acid of the invention encoding a Beta-adrenergic receptor 
5 kinase-like protein includes the nucleic acid whose sequence is provided in Table 9A or a 
fragment thereof. The invention also includes a mutant or variant nucleic acid any of whose 
bases may be changed from the corresponding base shown in Table 9 A while still encoding a 
protein that maintains its Beta-adrenergic receptor kinase-like activities and physiological 
functions, or a fragment of such a nucleic acid. The invention further includes nucleic acids 

10 whose sequences are complementary to those just described, including nucleic acid fragments 
that are complementary to any of the nucleic acids just described. The invention additionally 
includes nucleic acids or nucleic acid fragments, or complements thereto, whose structures 
include chemical modifications. Such modifications include, by way of nonlimiting example, 
modified bases, and nucleic acids whose sugar phosphate backbones are modified or 

15 derivatized. These modifications are carried out at least in part to enhance the chemical 

stability of the modified nucleic acid, such that they may be used, for example, as antisense 
binding nucleic acids in therapeutic applications in a subject. In the mutant or variant nucleic 
acids, and their complements, up to about 2 percent of the bases may be so changed. 

The disclosed NOV9 protein of the invention includes the Beta-adrenergic receptor 
20 kinase-like protein whose sequence is provided in Table 9B. The invention also includes a 
mutant or variant protein any of whose residues may be changed from the corresponding 
residue shown in Table 9B while still encoding a protein that maintains its Beta-adrenergic 
receptor kinase-like activities and physiological functions, or a functional fragment thereof. In 
the mutant or variant protein, up to about 1 percent of the residues may be so changed. 
25 The protein similarity information, expression pattern, and map location for the beta- 

adrenergic receptor kinase-like protein and the NOV9 proteins disclosed herein suggest that 
this beta-adrenergic receptor kinase may have important structural and/or physiological 
functions characteristic of the Ser/Thr protein kinases family. Therefore, the nucleic acids and 
proteins of the invention are useful in potential diagnostic and therapeutic applications and as 
30 a research tool. These include serving as a specific or selective nucleic acid or protein 

diagnostic and/or prognostic marker, wherein the presence or amount of the nucleic acid or the 
protein are to be assessed, as well as potential therapeutic applications such as the following: 
(i) a protein therapeutic, (ii) a small molecule drug target, (iii) an antibody target (therapeutic, 
diagnostic, drug targeting/cytotoxic antibody), (iv) a nucleic acid useful in gene therapy (gene 
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delivery/gene ablation), and (v) a composition promoting tissue regeneration in vitro and in 
vivo (vi) biological defense weapon. 

The NOV9 nucleic acids and proteins of the invention are useful in potential diagnostic 
and therapeutic applications implicated in various diseases and disorders described below 

5 and/or other pathologies. For example, the compositions of the present invention will have 
efficacy for treatment of patients suffering from heart failure, hypertension, secondary 
pathologies caused by heart failure and hypertension, and other diseases, disorders and 
conditions of the like. Additionally, the compositions of the present invention may have 
efficacy for treatment of patients suffering from conditions associated with the role of GRK2 

10 in brain and in the regulation of chemokine receptors.. The NOV9 nucleic acid, or fragments 
thereof, may further be useful in diagnostic applications, wherein the presence or amount of 
the nucleic acid or the protein are to be assessed. 

NOV9 nucleic acids and polypeptides are further useful in the generation of antibodies 
that bind immunospecifically to the novel substances of the invention for use in therapeutic or 

1 5 diagnostic methods. These antibodies may be generated according to methods known in the 
art, using prediction from hydrophobicity charts, as described in the "Anti-NOVX Antibodies" 
section below. For example the disclosed NOV9 protein have multiple hydrophilic regions, 
each of which can be used as an immunogen. In one embodiment, contemplated NOV9 
epitope is from about amino acids 40 to 70. In another embodiment, the contemplated NOV9 

20 epitope is from about amino acids 80 to 1 10. In further embodiments, the contemplated NOV9 
epitope is from about amino acids 120 to 200, from about amino acids 220 to 245, from about 
amino acids 250 to 280, or from about amino acids 290 to 340. This novel protein also has 
value in development of powerful assay system for functional analysis of various human 
disorders, which will help in understanding of pathology of the disease and development of 

25 new drug targets for various disorders. 

NOV10 

A disclosed NOV10 nucleic acid of 3003 nucleotides (also referred to as 
AC058790_da25) encoding an alpha-mannosidase-like protein is shown in Table 10A. An 
open reading frame was identified beginning with an ATG initiation codon at nucleotides 57- 
30 59 and ending with a TAA codon at nucleotides 2946-2948. A putative untranslated region 
upstream from the initiation codon and downstream from the termination codon is underlined 
' in Table 10A. The start and stop codons are in bold letters. Single nucleotide polymorphism 
data is included in Example 3 . 
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Table 10A. NOV10 nucleotide sequence (SEQ ID NO:25). 



GGTATCATACTCCAGCAAGCGCACATCATCAGTGACGTCGATCACGATGCATCGTCA TGGCGGCAGCGCC6TTCTTGAAG 
CACTGGCGCACCACTTTTGAGCGGGTGGAGAAGTTCGTGTCCCCGATCTACTTCACCGACTGTAACCTCCGCGGCAGGCT 
TTTTGGGGCCAGCTGCCCTGTGGCTGTGCTCTCCAGCTTCCTGACGCCGGAGAGACTTCCCTACCAGGAGGCAGTCCAGC 
GGGACTTCCGCCCCGCGCAGGTCGGCGACAGCTTCGGACCCACATGGTGGACCTGCTGGTTCCGGGTGGAGCTGACCATC 
CCAGAGGCATGGGTGGGCCAGGAAGTTCACCTTTGCTGGGAAAGTGATGGAGAAGGTCTGGTGTGGCGTGATGGAGAACC 
TGTCCAGGGTTT2\ACC7^AAGAGGGTGAGAAGACCAGCTATGTCCTGACTGACAGGCTGGGGGAAAGAGACCCCCGAAGCC 
TCACTCTCTATGTGGAAGTAGCCTGCAATGGGCTCCTGGGGGCCGGGAAGGGAAGCATGATTGCAGCCCCTGACCCTGAG 
AAGATGTTCCAGCTGAGCCGGGCTGAGCTAGCTGTGTTCCACCGGGATGTCCACATGCTCCTGGTGGATCTGGAGCTGCT 
GCTGGGCATAGCCAAGGCGCAGCAGCTGGAATGGGTGAAGAGCCGCTACCCTGGCCTGTACTCCCGCATCCAGGAGTTTG 
CGTGCCGTGGGCAGTTTGTGCCTGTGGGGGGCACCTGGGTGGAGATGGATGGGAACCTGCCCAGTGGAGAGGCCATGGTG 
AGGCAGTTTTTGCAGGGCCAGAACTTCTTTCTGCAGGAGTTTGGGAAGATGTGCTCTGAGTTCTGGCTGCCGGACACCTT 
TGGCTACTCAGCACAGCTCCCCCAGATCATGCACGGCTGTGGCATCAGGCGCTTTCTCACCCAGAAATTGAGCTGGAATT 
TGGTGAACTCCTTCCCACACCATACATTTTTCTGGGAGGGCCTGGATGGCTCCCGTGTACTGGTCCACTTCCCACCTGGC 
GACTCCTATGGGATGCAGGGCAGCGTGGAGGAGGTGCTGAAGACCGTGGCCAACAACCGGGACAAGGGGCGGGCCAACCA 
CAGTGCCTTCCTCTTTGGCTTTGGGGATGGGGGTGGTGGCCCCACCCAGACCATGCTGGACCGCCTGAAGCGCCTGAGCA 
ATACGGATGGGCTGCCCAGGGTGCAGCTATCTTCTCCAAGACAGCTCTTCTCAGCACTGGAGAGTGACTCAGAGCAGCTG 
TGCACGTGGGTTGGGGAGCTCTTCTTGGAGCTGCACAATGGCACATACACCACCCATGCCCAGATCAAGAAGGGGAACCG 
GGAATGTGAGCGGATCCTGCACGACGTGGAGCTGCTCAGTAGCCTGGCCCTGGCCCGCAGTGCCCAGTTCCTATACCCAG 
CAGCCCAGCTGCAGCACCTCTGGAGGCTCCTTCTTCTGAACCAGTTCCATGATGTGGTGACTGGAAGCTGCATCCAGATG 
GTGGCAGAGGAAGCCATGTGCCATTATGAAGACATCCGTTCCCATGGCAATACACTGCTCAGCGCTGCAGCCGCAGCCCT 
GTGTGCTGGGGAGCCAGGTCCTGAGGGCCTCCTCATCGTCAACACACTGCCCTGGAAGCGGATCGAAGTGATGGCCCTGC 
CCAAACCGGGCGGGGCCCACAGCCTAGCCCTGGTGACAGTGCCCAGCATGGGCTATGCTCCTGTTCCTCCCCCCACCTCA 
CTGCAGCCCCTGCTGCCCCAGCAGCCTGTGTTCGTAGTGCAAGAGACTGATGGCTCCGTGACTCTGGACAATGGCATCAT 
CCGAGTGAAGCTGGACCCAACTGGTCGCCTGACGTCCTTGGTCCTGGTGGCCTCTGGCAGGGAGGCCATTGCTGAGGGCG 
CCGTGGGGAACCAGTTTGTGCTATTTGATGATGTCCCCTTGTACTGGGATGCATGGGACGTCATGGACTACCACCTGGAG 
ACACGGAAGCCTGTGCTGGGCCAGGCAGGGACCCTGGCAGTGGGCACCGAGGGCGGCCTGCGGGGCAGCGCCTGGTTCTT 
GCTACAGATCAGCCCCAACAGTCGGCTTAGCCAGGAGGTTGTGCTGGACGTTGGCTGCCCCTATGTCCGCTTCCACACCG 
AGGTACACTGGCATGAGGCCCACAAGTTCCTGAAGGTGGAGTTCCCTGCTCGCGTGCGGAGTTCCCAGGCCACCTATGAG 
ATCCAGTTTGGGCACCTGCAGCGACCTACCCACTACAATACCTCTTGGGACTGGGCTCGATTTGAGGTGTGGGCCCATCG 
CTGGATGGATCTGTCAGAACACGGCTTTGGGCTGGCCCTGCTCAACGACTGCAAGTATGGCGCGTCAGTGCGAGGCAGCA 
TCCTCAGCCTCTCGCTCTTGCGGGCGCCTAAAGCCCCGGACGCTACTGCTGACACGGGGCGCCACGAGTTCACCTATGCA 
CTGATGCCGCACAAGGGCTCTTTCCAGGATGCTGGCGTTATCCAAGCTGCCTACAGCCTAAACTTCCCCCTGTTGGCTCT 
GCCAGCCCCCAGCCCAGCGCCCGCCACCTCCTGGAGTGCGTTTTCCGTGTCTTCACCCGCGGTCGTATTGGAGACCGTCA 
AGCAGGCGGAGAGCAGCCCCCAGCGCCGCTCGCTGGTCCTGAGGCTGTATGAGGCCCACGGCAGCCACGTGGACTGCTGG 
CTGCACTTGTCGCTGCCGGTTCAGGAGGCCATCCTCTGCGATCTCTTGGAGCGACCAGACCCTGCTGGCCACTTGACTTC 
GGGACAACCGCCTGAAGCTCACCTTTTCTCCCTTCCAAGTGCTGTCCCTGTTGCTCGTGCTTCAGCCTCCGCCACACTGA 
GTCCCTGGGGCTGGGGTTTTGTTTGTAGAAGGCTCTGGGGACTCCTAATTTCTGCTTCCCCAGCCTA AAGCAGGGATCAG 
TCTTTTCTTGTGGAATAAATCCTTGGATCGGGAAAAAAAAAAA 



In a search of public sequence databases, the NOV10 nucleic acid sequence, located on 
chromsome 15 has 2371 of 2390 bases (99%) identical to a alpha-mannosidase mRNA from 
5 Homo sapiens, (GENBANK-ID: AF044414) acc: AF044414.2) (E = 0.0). Public nucleotide 
databases include all GenBank databases and the GeneSeq patent database. 

The disclosed NOV10 polypeptide (SEQ ID NO:26) encoded by SEQ ID NO:25 has 
963 amino acid residues and is presented in Table 10B using the one-letter amino acid code. 
Signal P, Psort and/or Hydropathy results predict that NOV10 does not have a signal peptide 
10 and is likely to be localized in the peroxisome (microbody) with a certainty of 0.7480. In other 
embodiments, NOV10 is also likely to be localized to the mitochondrial membrane space with 
a certainty of 0.4539, to the mitochondrial intermembrane space with a certainty of 0.4027, or 
to the lysosome (lumen) with a certainty of 0.2317. 
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Table 10B. Encoded NOV10 protein sequence (SEQ ID NO:26). 

MAAAPFLKHWRTTFERVEKFVS PI YFT DCNLRGRL FGASCPVAVLS S FLTPERL P YQEAVQRDFRPAQVGD S 
FGPTWWTCWFRVELTIPEAWVGQEVHLCWESDGEGLVWRDGEPVQGLTKEGEKTSYVLTDRLGERDPRSLTL 
YVEVACNGLLGAGKGSMIAAPDPEKMFQLSRAELAVFHRDVHMLLVDLELLLGIAKAQQLEWVKSRYPGLYS 
RIQEFACRGQFVPVGGTWVEMDGNLPSGEAMVRQFLQGQNFFLQEFGKMCSEFWLPDTFGYSAQLPQIMHGC 
GIRRFLTQKLSWNLVNSFPHHTFFWEGLDGSRVLVHFPPGDSYGMQGSVEEVLKTVANNRDKGRANHSAFLF 
GFGDGGGGPTQTMLDRLKRLSNTDGLPRVQLSSPRQLFSALESDSEQLCTWVGELFLELHNGTYTTHAQIKK 
GNRECERILHDVELLSSLALARSAQFLYPAAQLQHLWRLLLLNQFHDWTGSCIQMVAEEAMCHYEDIRSHG 
NTLLSAAAAALCAGEPGPEGLLIVNTLPWKRIEVMALPKPGGAHSLALVTVPSMGYAPVPPPTSLQPLLPQQ 
PVFVVQETDGSVTLDNGIIRVKLDPTGRLTSLVLVASGREAIAEGAVGNQFVLFDDVPLYWDAWDVMDYHLE 
TRKPVLGQAGTLAVGTEGGLRGSAWFLLQISPNSRLSQEVVLDVGCPYVRFHTEVHWHEAHKFLKVEFPARV 
RSSQATYEIQFGHLQRPTHYNTSWDWARFEVWAHRWMDLSEHGFGLALLNDCKYGASVRGSILSLSLLRAPK 
APDATADTGRHE FT YALMPHKGS FQDAG VI QAAYS LN FPLLALPAPS PAPATSWSAFS VS SPAWLETVKQA 
ESSPQRRSLVLRLYEAHGSHVDCWLHLSLPVQEAILCDLLERPDPAGHLTSGQPPEAHLFSLPSAVPVARAS 
ASATLS PWGWGFVCRRLWGLLI S AS PA 



A search of sequence databases reveals that the NOV 10 amino acid sequence has 
764of 771 amino acid residues (99%) identical to, and 767 of 771 amino acid residues (99%) 
similar to, the 1062 amino acid residue alpha-mannosidase protein from Homo sapiens 
5 (Q9UL64) (E = 0.0). Public amino acid databases include the GenBank databases, SwissProt, 
PDB and PER. 

NOV10 was derived from a pool of the following tissues: Adrenal gland, bone marrow, 
brain - amygdala, brain - cerebellum, brain - hippocampus, brain - substantia nigra, brain - 
thalamus, brain -whole, fetal brain, fetal kidney, fetal liver, fetal lung, heart, kidney, 

10 lymphoma - Raji, mammary gland, pancreas, pituitary gland, placenta, prostate, salivary 
gland, skeletal muscle, small intestine, spinal cord, spleen, stomach, testis, thyroid, trachea, 
uterus, Bone, Cervix, Chorionic Villus, Colon, Liver, Lung, Lymph node, Lymphoid tissue, 
Ovary, Peripheral Blood, Skin, Stomach, Tonsils, Whole Organism. Thus, it is expressed in at 
least some of the above tissues. This information was derived by determining the tissue 

1 5 sources of the sequences that were included in the invention including but not limited to 

SeqCalling sources, Public EST sources, Genomic Clone sources, Literature sources, and/or 
RACE sources. 

The disclosed NOV10 polypeptide has homology to the amino acid sequences shown 
in the BLASTP data listed in Table 10C. 

20 



Table 10C. BLAST results for NOV10 


Gene Index/ Identifier 


Protein/ Organism 


Length 
(aa) 


Identity 
(%) 


Positives 
(%) 


Expect 


ptnr : SPTREMBL- 
ACC:Q9UL64 


ALPHA MANNOSIDASE 
6A8B - Homo 
sapiens 


1062 


763/771 
(99%} 


767/771 
(99%) 


0.0 
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ptnr : SPTREMBL- 
ACC:Q9NTJ4 


TTVo/^ifTl LIU" Tl T O TV T lit Q 

Hi rUJLiUii ICAlt 110. o 
KDA PROTEIN - 
Homo sapiens 


1 C\AC\ 
lUftU 


71 S llOO 

(99%) 


718/722 
(99%) 


0 . 0 


ptnr : TREMBLNEW- 
ACC:AAH16253 


SIMILAR TO 
MANNOSIDASE, 

MEMBER 1 


1039 


635/730 
(89%), 


692/730 
(94%) 


0.0 


ptnr:SWISSPROT- 
ACC:P21139 


Al ph a -manno s i da s e 
(EC 3.2.1.24) 


1040 


625/731 
(85%) 


661/731 
(90%) 


0.0 


ptnr: SPTREMBL- 
ACC:Q13358 


ALPHA- MANNO SI DASE 
- Homo sapiens 


425 


425/425 
(100%) 


425/425 
(100%) 


0.0 



The homology between these and other sequences is shown graphically in the 
ClustalW analysis shown in Table 10D. In the ClustalW alignment of the NOV10 protein, as 
well as all other ClustalW analyses herein, the black outlined amino acid residues indicate 
regions of conserved sequence (i.e. , regions that may be required to preserve structural or 
functional properties), whereas non-highlighted amino acid residues are less conserved and 
can potentially be altered to a much broader extent without altering protein structure or 
function. 



Table 10D. ClustalW Analysis of NOV10 

1) NOV10 (SEQ ID NO: 26) 

2) ptnr: ALPHA MANNOSIDASE 6A8B - Homo sapiens (SEQ ID NO: 73) 

3) ptnr: HYPOTHETICAL 115.8 KDA PROTEIN - Homo sapiens (SEQ ID NO: 74) 

4) ptnr: SIMILAR TO MANNOSIDASE, ALPHA, CLASS 2C, MEMBER 1 (SEQ ID NO: 75) 

5) ptnr: Alpha-mannosidase (EC 3.2.1.24) (SEQ ID NO:76) 




NOV10 
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HSAFLFGFGDGGGGPTQTMLDKLKRL 
H SAFLFG FGDGGGG PTQTM LDRLKR1 
j!l?SFr.FnFOnGGGGPTOTMI.nP.T.KPI 



'ILDKLKRL^^T'GLPRVQLSSPROLFSALESDSliULCTWVGELFr.KLHiJ.iTiTTllAOiKb 
ILDRLKRLSOTDGLPRVQLSSPRQLFSALESDSEQLCTVTVGELFLELHSfjTYTTHAQTKi^ 

4i,ripj.KRT.r&rn<~T.pRvnT,ss^^^ 



531 
531 
. 530 
325 




NOV10 
Q90L64 
Q9KTJ4 
AAH16253 
P21139 |R|- 



•mCAGEPGPEGLLIV^IXPWKRIEVl^LPKPGGAHSLALVTVrSMGYAPVPPPTSLQPLLPQOPVFVVL'ETDGSVTLL 
AALCAGEPGFEGLLIvflTLPVm'RIEV/l^LPKPGGAHSIALVTVPSMGYAPVPPPTSLQPLLPQQPVFWQETDGSVTLI': 
f\ALCAGEPGPEGliL 1 vSt LPVJKRT EVMALPKPGGAH SLALVT VPSMGYAPVPP PT S LQPLLPQQ PVEWQET DGSVTL1 • 

aalcagrpg rjSni.i. r hBt i. pwkpRkvB.-\ i , pkt5'*;ah si alvtv pf0'";yapS rgPTs i .o puj j opPVFVi3'.' , ETr»nsv , n.r 



« 592 

* 691 

!i 691 

9 690 

- 374 




>VMDY H LETRKPVLGQAGT LAVGTEGGLRGSA. 
.VMDYHLETRKPVLGQAGTLAVGTEGGLRGSA 
tVHD Y H LETRK PV LGQAGT I AVGT EGG I..RGSA 
>VML"'Y 1 1 LFTR KPVI .GOAGT I AVGT EG'~ I .RG7 A 



-9i 



672 
771 
771 
770 
2N 402 




KOV10 

Q9UL64 

Q9NTJ4 

AAH16253 

P21139 

N0V10 

Q9UL64 

Q9NTJ4 

AAH16253 

P21139 



Table 10E lists the domain description from DOMAIN analysis results against 
NOV10. This indicates that the NOV10 sequence has properties similar to those of other 
proteins known to contain this domain. 



Table 10E. Domain Analysis of NOV10 



Model 



Description 



Glyco _hydro_3 8 (InterPro) 
(SEQ ID NO: 111) 



Glycosyl hydrolases family 3B 



Score E-value 
140.5 le-39 



Glyco_hydro_38: domain 1 of 2, from 230 to 332: score 89.2, E - 5.4e-25 
*->vtGGWVMnDEAttHyedlIdQlteGHqfLeenfGsdvkPkvgWsIDP 
I+I+II+ I + +++|++++|++ |+ |+ ++|| + 
AC058790_d 230 VGGTWVEMDGNLPSGEAMVRQFLQGQNFFLQEFG — KMCSEFWLPDT 274 

FGHSatmPyLlraqaGfdgfllqRihYadKksfaetkqleFvWRqswslt 
+ |+ +| | + |++++++ +1 J++++ ! + | | + 

AC058790_d 275 FGYSAQLPQIM-HGCGIRRFLTQKLSWNLVNSFPHHT FFWE GLD 317 



g s t dl f t hmmp f ys Yd<- * 
I I +1 +1 1 + 

AC058790_d 318 GS-RVLVHFPPGDSYG 332 

Glyco_hydro_38: domain 2 of 2, from 410 to 490: score 49.2, E - 1.7e-13 
*->pYAdepdeGkPeYWTGYFTSRPalKrldRqlehlLrsaEilatqlsv 
++ +|++ | + J++I++++ |+ + |++| + 
AC058790 d 410 TWVGELFL ELHNGTYTTHAQIKKGNRECERILHDVELLSSLALA 453 



118 



WO 02/057450 PCT/US01/48922 



lagqskiegsyMKleklyeqleelRralaLfQHHDAiTGTakqhVv<-* 
+++++ + 11+ l + l l + l + l + l + I + 

AC058790 d 454 RS-AQFLYPA A QLQHLWRLLLLNQFHDWTGSCIQMVA 490 



Glycosyl hydrolases are key enzymes of carbohydrate metabolism. Lysosomal alpha- 
mannosidase is necessary for the catabolism of N-linked carbohydrates released during 
glycoprotein turnover. The enzyme catalyzes the hydrolysis of terminal, non-reducing alpha- 

5 D-mannose residues in alpha-D-mannosides, and can cleave all known types of alpha- 
mannosidic linkages. While alpha-mannosidases were classified as enzymes that process 
newly formed N-glycans or degrade mature glycoproteins, two endoplasmic reticulum (ER) 
alpha-mannosidases with previously assigned processing roles, have important catabolic 
activities. The ER/cytosolic mannosidase may be involved in the degradation of dolichol 

10 intermediates that are not needed for protein glycosylation, whereas the soluble form of Man9- 
mannosidase is responsible for the degradation of glycans on defective or malfolded proteins 
that are specifically retained and broken down in the ER. The degradation of oligosaccharides 
derived from dolichol intermediates by ER/cytosolic mannosidase explains why cats and cattle 
with alpha-mannosidosis store and excrete some unexpected oligosaccharides containing only 

15 one GlcNAc residue. Similarly, the action of ER/cytosolic mannosidase, followed by the 

action of the recently described human lysosomal alpha(l -> 6>mannosidase, together explain 
why alpha-mannosidosis patients store and excrete large amounts of oligosaccharides that 
resemble biosynthetic intermediates, rather than partially degraded glycans. The relative 
contributions of the lysosomal and extra-lysosomal catabolic pathways can be derived by 

20 comparing the ratio of trisaccharide Man beta (1 -» 4)GlcNAc beta (1 ■» 4)GlcNAc to 
disaccharide Man beta (1 -» 4)GlcNAc accumulated in tissues from goats with beta- 
mannosidosis. A similar determination in human beta-mannosidosis patients is not possible 
because the same intermediate, Man beta (1 -» 4)-GlcNAc is a product of both pathways. 
Based on inhibitor studies with pyranose and furanose analogues, alpha-mannosidases may be 

25 divided into two groups. Those in Class 1 are (1 2)-specific enzymes like Golgi 

mannosidase L whereas those in Class 2, like lysosomal alpha-mannosidase, can hydrolyse (1 
-> 2), (1 -> 3) and (1 -> 6) linkages. A similar classification has been derived from protein 
sequence homologies. It is possible to speculate about their probable evolution from two 
primordial genes. The first would have been a Class 1 ER enzyme involved in the degradation 

30 of glycans on incompletely assembled or malfolded glycoproteins. The second would have 
been a Class 2 lysosomal enzyme responsible for turnover. Later, other alpha-mannosidases, 
with new processing or catabolic functions, would have developed from these, by loss or gain 
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of critical insertion or retention sequences, to yield the Ml complement of alpha-mannosidases 
known today (Glycobiology 1994 Oct;4(5):551-66). Defects in the lysosomal alpha- 
mannosidase gene cause lysosomal alpha-mannosidosis (AM), a lysosomal storage disease 
characterized by the accumulation of unbranched oligosaccharide chains. Depending on the 
clinical findings at the age of onset, a severe infantile (type I) and a mild juvenile (type H) 
form of alpha-mannosidosis are recognized. Furthermore, variability in clinical expression of 
the disease is seen within each type. Some of the disease features are: susceptibility to 
infection, vomiting, coarse features, macroglossia, flat nose, large clumsy ears, widely spaced 
teeth, large head, big hands and feet, tall stature, slight hepatosplenomegaly, muscular 
hypotonia, lumbar gibbus, radiographic skeletal abnormalities, dilated cerebral ventricles, 
lenticular opacities, hypogammaglobulinemia, 'storage cells 1 in the bone marrow, and 
vacuolated lymphocytes in the bone marrow and blood. 

The disclosed NOV10 nucleic acid of the invention encoding a Alpha-mannosidase- 
like protein includes the nucleic acid whose sequence is provided in Table 1 OA or a fragment 
thereof. The invention also includes a mutant or variant nucleic acid any of whose bases may 
be changed from the corresponding base shown in Table 10A while still encoding a protein 
that maintains its Alpha-mannosidase-like activities and physiological functions, or a fragment 
of such a nucleic acid. The invention further includes nucleic acids whose sequences are 
complementary to those just described, including nucleic acid fragments that are 
complementary to any of the nucleic acids just described. The invention additionally includes 
nucleic acids or nucleic acid fragments, or complements thereto, whose structures include ' 
chemical modifications. Such modifications include, by way of nonlimiting example, 
modified bases, and nucleic acids whose sugar phosphate backbones are modified or 
derivatized. These modifications are carried out at least in part to enhance the chemical 
stability of the modified nucleic acid, such that they may be used, for example, as antisense 
binding nucleic acids in therapeutic applications in a subject. In the mutant or variant nucleic 
acids, and their complements, up to about 2 percent of the bases may be so changed. 

The disclosed NOV10 protein of the invention includes the Alpha-mannosidase-like 
protein whose sequence is provided in Table 10B. The invention also includes a mutant or 
variant protein any of whose residues maybe changed from the corresponding residue shown 
in Table 10B while still encoding a protein that maintains its Alpha-mannosidase-like 
activities and physiological functions, or a functional fragment thereof. In the mutant or 
variant protein, up to about 1 percent of the residues maybe so changed. 
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The protein similarity information, expression pattern, and map location for the alpha- 
mannosidase-like protein and the NOV10 protein disclosed herein suggest that this alpha- 
mannosidase-like protein may have important structural and/or physiological functions 
characteristic of the mannosidase protein family. Therefore, the nucleic acids and proteins of 
the invention are useful in potential diagnostic and therapeutic applications and as a research 
tool. These applications include serving as a specific or selective nucleic acid or protein 
diagnostic and/or prognostic marker, wherein the presence or amount of the nucleic acid or the 
protein are to be assessed, as well as potential therapeutic applications such as the following: 
(i) a protein therapeutic, (ii) a small molecule drug target, (iii) an antibody target (therapeutic, 
diagnostic, drug targeting/cytotoxic antibody), (iv) a nucleic acid useful in gene therapy (gene 
delivery/gene ablation), and (v) a composition promoting tissue regeneration in vitro and in 
vivo (vi) biological defense weapon. 

The NOV10 nucleic acids and proteins of the invention are useful in potential 
diagnostic and therapeutic applications implicated in various diseases and disorders described 
below and/or other pathologies. For example, the compositions of the present invention will 
have efficacy for treatment of patients suffering from alpha-mannosidosis, beta-mannosidosis, 
other storage disorders, peroxisomal disorders such as Zellweger syndrome, infantile refsum 
disease, rhizomelic chondrodysplasia (chondrodysplasia punctata, rhizomelic), and 
hyperpipecolic acidemia and other diseases, disorders and conditions of the like. Since 
mannosidoses are found not only in humans, but also in animals, the nucleic acids and proteins 
of the this invention may be useful in treating animals with mannosidoses or other storage 
diseases, and other diseases, disorders and conditions of the like. Additionally, the 
compositions of the present invention may have efficacy for treatment of patients suffering 
from conditions associated with the role of GRK2 in brain and in the regulation of chemokine 
receptors.. The NOV10 nucleic acid, or fragments thereof, may further be useful in diagnostic 
applications, wherein the presence or amount of the nucleic acid or the protein are to be 
assessed. 

NOV10 nucleic acids and polypeptides are further useful in the generation of 
antibodies that bind immunospecifically to the novel substances of the invention for use in 
therapeutic or diagnostic methods. These antibodies may be generated according to methods 
known in the art, using prediction from hydrophobicity charts, as described in the "Anti- 
NOVX Antibodies" section below. For example the disclosed NOV10 protein have multiple 
hydrophilic regions, each of which can be used as an immunogen. In one embodiment, 
contemplated NOV10 epitope is from about amino acids 5 to 20. In another embodiment, the 
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contemplated NOV10 epitope is from about amino acids 40 to 80. In further embodiments, 
the contemplated NOV10 epitope is from about amino acids 1 10 to 180, from about amino 
acids 200 to 230, from about amino acids 300 to 370, from about amino acids 375 to 450, from 
about amino acids 650 to 680, from about amino acids 690 to 770, from about amino acids 790 
5 to 820, from about amino acids 850 to 880, or from about amino acids 900 to 920. This novel 
protein also has value in development of powerful assay system for functional analysis of 
various human disorders, which will help in understanding of pathology of the disease and 
development of new drug targets for various disorders. 

NOV11 

10 NOV1 1 includes three novel Clq-related factor-like proteins disclosed below. The 

disclosed sequences have been named NOV1 la, NOV1 lb, and NOV1 lc. Single nucleotide 
polymorphism data is discussed below in Example 4. 

NOVlla 

15 A disclosed NOV1 1 a nucleic acid of 805 nucleotides (also referred to as 

GM57107065_dal) encoding an Clq-related factor-like protein is shown in Table 1 1A. An 
open reading frame was identified beginning with an ATG initiation codon at nucleotides 83- 
85 and ending with a TGA codon at nucleotides 797-799. Putative untranslated regions are 
upstream from the initiation codon and downstream from the termination codon. 

20 

Table 11A. NOVlla nucleotide sequence (SEQ ID NO:27). 

GAGTGAGGAAGATTTGCTGGCCCTGGCAGCGTCGCGGCTGAGCCGCCGCAAGAGGGTGGCGGGCGCGGCCGTCGGAGTGG 
CCATGGTGCTGCTGCTGCTGGTGGCCATCCCGCTGCTGGTGCACAGCTCCCGCGGGCCAGCGCACTACGAGATGCTGGGT 
CGCTGCCGCATGGTGTGCGACCCGCATGGGCCCCGTGGCCCTGGTCCGGACGGCGCGCCTGCTTCCGTGCCCCCCTTCCC 
GCCAGGCGCCAAGGGAGAGGTGGGCCGGTGCGGGAAAGCAGGCCTGAGGGGGCCCCCTGGACCACCAGGTCCAAGAGGGC 
CCCCAGGAGAACCCGGCAGGCCAGGCCCCCCGGGCCCTCCCGGTCCAGGTCCGGGCGGGGTGGCGCCCGCTGCCGGCTAC 
GTGCCTCGCATTGCTTTCTACGCGGGCCTGCGGCGGCCCCACGAGGGTTACGAGGTGCTGCGCTTCGACGACGTGGTGAC 
CAACGTGGGCAACGCCTACGAGGCAGCCAGCGGCAAGTTTACTTGCCCCATGCCAGGCGTCTACTTCTTCGCTTACCACG 
TGCTCATGCGCGGCGGCGACGGCACCAGCATGTGGGCCGACCTCATGAAGAACGGACAGGTCCGGGCCAGCGCCATTGCT 
CAGGACGCGGACCAGAACTACGACTACGCCAGCAACAGCGTCATTCTGCACCTGGACGTGGGCGACGAGGTCTTCATCAA 
GCTGGACGGCGGGAAAGTGCACGGCGGCAACACCAACAAGTACAGCACCTTCTCCGGCTTCATCATCTACCCCGACTGAG 
CCGGC 

In a search of public sequence databases, the NOV1 la nucleic acid, located on 
chromsome 12, has 565 of 787 bases (71%) identical to a Clq- related factor mKNA from 
Homo sapiens, (GENBANK-ID: AF095154) (E = 9.9e" 68) . Public nucleotide databases include 
25 all GenBank databases and the GeneSeq patent database. 

The disclosed NOV1 1 a polypeptide (SEQ ID NO:28) encoded by SEQ ID NO:27 has 
238 amino acid residues and is presented in Table 1 IB using the one-letter amino acid code. 
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Signal P, Psort and/or Hydropathy results predict that NOV1 la has a signal peptide and is 
likely to be localized extracellularly with a certainty of 0.5374. In other embodiments, 
NOV1 la is also likely to be localized to the microbody (peroxisome) with a certainty of 
0. 1 1 1 1, to the endoplasmic reticulum (membrane) with a certainty of 0.1000, and to the 
endoplasmic reticulum (lumen) with a certainty of 0.1000. The most likely cleavage site for 
NOV1 la is between positions 15 and 16: VHS-SR. 



Table 11B. Encoded NOVlla protein sequence (SEQ ID NO:28). 

MVLLLLVAIPLLVHSSRGPAHYEMLGRCRMVCDPHGPRGPGPDGAPASVPPFPPGAKGEVGRCGKAGLRGPP 
GPPGPRGPPGEPGRPGPPGPPGPGPGGVAPAAGYVPRIAFYAGLRRPHEGYEVLRFDDWTNVGNAYEAASG 
KFTCPMPGVYFFAYHVIjMRGGDGTSI^ADLMKNGQVRASAIAQDADQNYDYASNSVILHLDVGDEVFIKLDG 
GKVHGGNTNKYSTFSGFIIYPD 

A search of sequence databases reveals that the NOV1 la amino acid sequence has 184 
bf258 amino acid residues (71%) identical to, and 198 of 258 amino acid residues (76%) 
similar to, the 258 amino acid residue Clq-related factor precursor protein from Homo sapiens 
(075973) (E = 9.1 e 91 ). Public amino acid databases include the GenBank databases, 
SwissProt, PDB and PIR. 

NOV1 la is specifically expressed in the following tissues: brain, heart, testis, kidney, 
thyroid, prostate, fetal kidney, fetal skletal. It shows increased expression in cancer cell lines 
derived from the following tissue: colon, kidney, ovary, skin, brain. It is highly upregulated in 
IFN-gamma treated endothelial cells. This information was derived by determining the tissue 
sources of the sequences that were included in the invention including but not limited to 
SeqCalling sources and Taqman results. 

NOVllb 

A disclosed NOV1 lb nucleic acid of 805 nucleotides (also referred to as CG54503-02) 
encoding a novel Clq-related factor-like protein is shown in Table 1 1C. An open reading 
frame was identified beginning with an ATG initiation codon at nucleotides 83-85 and ending 
with a TGA codon at nucleotides 797-799. Putative untranslated regions are underlined and 
are found upstream from the initiation codon and downstream from the termination codon. 
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Table 11C. NOVllb nucleotide sequence (SEQ ID NO:29). 

" gagtgaggaagatttgctggccctggcagcgtcgcggctgagccgccgcaagagggtggcgggcgcggccgtcggagtgg" 
ccatggtgctgctgctgctggtggccatcccgctgctggtgcacagctcccgcgggccagcgcactacgagatgctgggt 

CGCTGCCGCATGGTGTGCGACCCGCATGGGCCCCGTGGCCCTGGTCCGGACGGCGCGCCTGCTTCCGTGCCCCCCTTCCC 
GCCAGGCGCCAAGGGAGAGGTGGGCCGGCGCGGGAAAGCAGGCCTGCGGGGGCCCCCTGGACCACCAGGTCCAAGAGGGC 
CCCCAGGAGAACCCGGCAGGCCAGGCCCCCCGGGCCCTCCCGGTCCAGGTCCGGGCGGGGTGGCGCCCGCTGCCGGCTAC 
GTGCCTCGCATTGCTTTCTACGCGGGCCTGCGGCGGCCCCACGAGGGTTACGAGGTGCTGCGCTTCGACGACGTGGTGAC 
CAACGTGGGCAACGCCTACGAGGCAGCCAGCGGCAAGTTTACTTGCCCCATGCCAGGCGTCTACTTCTTCGCTTACCACG 
TGCTCATGCGCGGCGGCGACGGCACCAGCATGTGGGCCGACCTCATGAAGAACGGACAGGTCCGGGCCAGCGCCATTGCT 
CAGGACGCGGACCAGAACTACGACTACGCCAGCAACAGCGTCATTCTGCACCTGGACGTGGGCGACGAGGTCTTCATCAA 
GCTGGACGGCGGGAAAGTGCACGGCGGCAACACCAACAAGTACAGCACCTTCTCCGGCTTCATCATCTACCCCGACTGAG 

CCGGC ', - 

In a search of public sequence databases, the NOV1 la nucleic acid, located on 
chromsome 17q21, has 565 of 787 bases (71%) identical to a Clq- related factor mRNA from 
Homo sapiens, (GENBANK-ID: AF095154) (E = l.9e**>. Public nucleotide databases include 
5 all GenBank databases and the GeneSeq patent database. 

The disclosed NOV1 lb polypeptide (SEQ ID NO:30) encoded by SEQ ID NO:29 has 
238 amino acid residues and is presented in Table 1 ID using the one-letter amino acid code. 
The SignalP, Psort and/or Hydropathy profile for NOV1 lb predict that this sequence has a 
signal peptide and is likely to be localized extracellularly with a certainty of 0.5374, as 
1 0 expected by a protein similar to the C 1 q complement component. In other embodiments, 
NOV1 lb is also likely to be localized to the microbody (peroxisome) with a certainty of 
0.1 199, to the endoplasmic reticulum (membrane) with a certainty of 0.1000, and to the 
endoplasmic reticulum (lumen) with a certainty of 0.1000. The most likely cleavage site for 
NOV1 lb is between positions 15 and 16: VHS-SR. 



Table 11D. Encoded NOVllb protein sequence (SEQ ID NO:30). 

MVLLLLVAIPLLVHSSRGPAHYEMLGRCRMVCDPHGPRGPGPDGAPASVPPFPPGAKGEVGRRGKAGLRGPP 
GPPGPRGPPGEPGRPGPPGPPGPGPGGVAPAAGYVPRIAFYAGLRRPHEGYEVLRFDDWTNVGNAYEAASG 
KFTCPMPGVYFFAYHVLMRGGDGTSMWADLMKNGQVRASAIAQDADQNYDYASNSVILHLDVGDEVFIKLDG 
GKVHGGNTNKYSTFSGFIIYPD 

A search of sequence databases reveals that the NOV1 lb amino acid sequence has 184 
of 258 amino acid residues (71%) identical to, and 198 of 258 amino acid residues (76%) 
similar to, the 258 amino acid residue Clq-related factor precursor protein from Homo sapiens 
20 (075973) (E = 7. 1 e" 91 ). Public amino acid databases include the GenBank databases, 
SwissProt, PDB and PEL 

NOV1 lb is expressed in at least some of the following tissues: adrenal gland, bone 
marrow, brain - amygdala, brain - cerebellum, brain - hippocampus, brain - substantia nigra, 
brain - thalamus, brain -whole, fetal brain, fetal kidney, fetal liver, fetal lung, heart, kidney, 

124 



WO 02/057450 PCT/USO 1/48922 

lymphoma - Raji, mammary gland, pancreas, pituitary gland, placenta, prostate, salivary 
gland, skeletal muscle, small intestine, spinal cord, spleen, stomach, testis, thyroid, trachea, 
uterus, right cerebellum. This information was derived by determining the tissue sources of the 
sequences that were included in the invention including but not limited to SeqCalling sources, 
5 Public EST sources, Literature sources, and/or RACE sources. 



The disclosed NOV1 la polypeptide has homology to the amino acid sequences shown 
in the BLASTP data listed in Table 1 IE. 



Table. HE. BLAST results for NOVlla 


Gene Index/ 
Identifier 


Protein/ Organism 


Length 
(aa) 


Identity 
(%) 


Positives 
(%) 


Expect 


Ptnr: SWISSPROT-ACC: 
075973 


Clq-related 
factor precursor 
- Homo sapiens 


258 


184/258 
(71%) 


198/258 
(76%) 


9.1e-91 


ptnr:SWISSPROT- 
ACC:088992 


Clq-related 
factor precursor 
- Mus mus cuius 


258 


156/216 
(72%) 


166/216 
(76%) 


1.8e-78 


ptnr : SWISS PROT- 
ACC:Q9ESN4 


Gliacolin 
precursor - Mus 
mus cuius 


155 


153/209 
(73%) 


165/209 
(78%) 

i 


1.3e-77 


ptnr : SWISSPROT- 
ACC-.P027 46 


Complement Clq 
subcomponent 


251 


90/239 
(37%) 


124/239 
(51%) 


1.3e-2 9 


ptnr : TREMBLNEW- 
ACC:AAH08983 


COMPLEMENT 
COMPONENT 1 


253 


90/239 
(37%) 


124/239 
(51%) 


1.3e-29 



10 

The homology between these and other sequences is shown graphically in the 
ClustalW analysis shown in Table 1 IF. In the ClustalW alignment of the NOV1 1 protein, as 
well as all other ClustalW analyses herein, the black outlined amino acid residues indicate 
regions of conserved sequence (i.e., regions that may be required to preserve structural or 
15 functional properties), whereas non-highlighted amino acid residues are less conserved and 
can potentially be altered to a much broader extent without altering protein structure or 
function. 



Table 11F. ClustalW Analysis of NOV11 

20 1) NOVlla (SEQ ID N0:28) 

2) NOVllb (SEQ ID NO: 30) 

3) ptnr: Clq-related factor precursor - Homo sapiens (SEQ ID NO: 77) 

4) ptnr: Clq-related factor precursor - Mus musculus (SEQ ID NO: 78) 

5) ptnr: Gliacolin precursor - Mus musculus (SEQ ID NO: 79) 
25 6) ptnr: Complement Clq subcomponent (SEQ ID NO: 80) 

NOVlla IvIMtBpOTlMHKsRGPAJ^ 1 VPPFPP|AKpvBJcE8A| 67 

NOVllb lyllLjltiAlliynHiSRGP g VPPFPpJ^^r[Bp| 67 
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5 

10 
15 

20 
25 



075973 
088992 
Q9ESN4 
F02746 




NOVlla 
KOVllb 
075973 
088992 
Q9ESN4 
P02746 
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Tables 1 1E-1 IF list the domain descriptions from DOMAIN analysis results against 
N0V1 1. This indicates that the NOV1 1 sequence has properties similar to those of other 
proteins known to contain this domain. 



Table HE. Domain Analysis of NOV11 

gnl | Smart 1 smartOOllO , C1Q, Complement component Clq domain . ; Globular 
domain found in many collagens and eponymously in complement Clq. When 
part of full length proteins these domains form a 'bouquet' due to the 
multimerization of heterotrimers . The Clq fold is similar to that of 
tumour necrosis factor. (SEQ ID NO: 104) 
CD-Length = 132 residues, 99.2% aligned 
Score - 113 bits (283) , Expect = le-26 



35 



40 



45 



Query: 108 PRI AF YAGL — RRPHEG YEVLR FD D WTNVGNAYEAASGKFT CPMPGVYFFAYH VLMRGG 165 

II II II + +111 1+ I 1+ ++111111+1111+1+11+ + 

Sb j ct : 2 PRSAFSVIRSTNRPPPPGQPVRFDKVLYNQQGHYDPSTGKFTCPVPGVYYFSYHIESK — 5 9 

Query : 166 DGTSMWADLMKNGQVRAS AIAQDADQN YDYASNSVILHLDVGDE VFIKLDGGKVHG-GNT 224 

I ++ Mill + IN +11 M + I+++II I 

Sbjct : 60 -GRNVKVSLMKNGIQVMRECDEYQKGLYQVASGGALLQLRQGDQVWLELDDKKNGLYAGE 118 

Query: 225 NKYSTFSGFIIYPD 238 

I1I1II+++II 
Sbjct: 119 EVDSTFSGFLLFPD 132 



Table 11R Domain Analysis of NOV11 



gnllPfam|pfam00386 , Clq, Clq domain. Clq is a subunit of the CI enzyme 
complex that activates the serum complement system. (SEQ ID NO: 112) 
CD-Length = 125 residues, 100.0% aligned 
Score = 102 bits (253) , Expect - 3e-23 



Query: 111 AFYAGLR-RPHEGYEVLRFDDWTNVGNAYEAASGKFTCPMPGVYFFAYHVLMRGGDGTS 169 

III II + + I 1 + 1+ I |+ l + IIIIII + ll + l + l +11 + || + 
Sb j ct : 1 AFTAIRSTRPPAPGQPVIFDEVLYNQQGHYDPATGKFTCPVPGLYYFNFHVSSK GTN 57 
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Query : 17 0 MWADLMKNGQVRASAIAQDADQNYDYASNSVILHLDVGDEVFIKLDGGKVHG — GNTNKY 227 

+ I 1 + 1 I I +1 III +1 I II + +1 I + 

Sbj ct : 58 VCVS LMRNGVPVMS FCDE YAKGTYQVASGGAVLQLRQGDRVWLE LDDKQTNGLLGGEGVH 117 

5 

Query: 228 STFSGFII 235 
I 

Sbjct: 118 SVFSGFLL 125 

10 The first component of complement system is a calcium-dependent complex of the 3 

subcomponents Clq, Clr, and Cls. Subcomponent Clq binds to immunoglobulin complexes 
with resulting serial activation of Clr (enzyme), Cls (proenzyme) and the other 8 components 
of complement. It contains collagen like domains. It has been shown that fibronectin binds to 
Clq in the same manner that it binds collagen. A major function of the fibronectins is in the 

15 adhesion of cells to extracellular materials such as solid substrata and matrices. Because 

fibronectin stimulates endocytosis and promotes the clearance of particulate material from the 
circulation, the results suggest that fibronectin functions in the clearance of Clq-coated 
material such as immune complexes or cellular debris. Many examples of deficiencies of Clq 
have been reported, most of them associated with systemic lupus erythematosus or 

20 glomerulonephritis. 

The complement system plays a paradoxical role in the development and expression of 
autoimmunity in humans. The activation of complement in SLE contributes to tissue injury. In 
contrast, inherited deficiency of classic pathway components, particularly Clq, is probably 
associated with the development of SLE. This leads to the hypothesis that a physiologic action 

25 of the early part of the classic pathway protects against the development of SLE and implies 
that Clq may play a key role in this respect. Clq-deficient (Clqa-A) mice have been shown to 
have increased mortality and higher titers of autoantibodies, compared with strain-matched 
controls. Of the Clqa-/- mice, 25% have been shown to have glomerulonephritis with immune 
deposits and multiple apoptotic cell bodies. Among mice without glomerulonephritis, there 

30 were significantly greater numbers of glomerular apoptotic bodies in Clq-deficient mice 
compared with controls. The phenotype associated with Clq deficiency was modified by 
background genes. These findings are compatible with the hypothesis that Clq deficiency 
causes autoimmunity by impairment of the clearance of apoptotic cells. 

The Clq-related factor is a recently discovered protein which has homology to Clq. 
35 Since this is a relatively new discovery, very little is known about its function. But conclusions 
could clearly be derived from it expression pattern and it homology to Clq. Based on its 
expression pattern it has been suggested that this protein may be involved in motor function. 
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The functions of Clq has been described above and include role in binding to immunoglobulin 
complexes, cell adhesion, autoimmunity and apoptosis, among others. 

The disclosed NOV1 1 nucleic acid of the invention encoding a Clq-related factor-like 
protein includes the nucleic acid whose sequence is provided in Table 1 1 A, 11C, or a fragment 
5 thereof. The invention also includes a mutant or variant nucleic acid any of whose bases may 
be changed from the corresponding base shown in Table 1 1 A or 1 1C while still encoding a 
protein that maintains its Clq-related factor-like activities and physiological functions, or a 
fragment of such a nucleic acid. The invention further includes nucleic acids whose sequences 
are complementary to those just described, including nucleic acid fragments that are 

1 0 complementary to any of the nucleic acids just described. The invention additionally includes 
nucleic acids or nucleic acid fragments, or complements thereto, whose structures include 
chemical modifications. Such modifications include, by way of nonlimiting example, 
modified bases, and nucleic acids whose sugar phosphate backbones are modified or 
derivatized. These modifications are carried out at least in part to enhance the chemical 

1 5 stability of the modified nucleic acid, such that they may be used, for example, ^s antisense 
binding nucleic acids in therapeutic applications in a subject. In the mutant or variant nucleic 
acids, and their complements, up to about 29 percent of the bases may be so changed. 

The disclosed NOV1 1 protein of the invention includes the Clq-related factor-like 
protein whose sequence is provided in Table 1 IB or 1 ID. The invention also includes a 

20 mutant or variant protein any of whose residues may be changed from the corresponding 
residue shown in Table 1 IB or 1 ID while still encoding a protein that maintains its Clq- 
related factor-like activities and physiological functions, or a functional fragment thereof. In 
the mutant or variant protein, up to about 29 percent of the residues may be so changed. 

The protein similarity information, expression pattern, and map location for the CI q- 

25 related factor-like protein and nucleic acid disclosed herein suggest that this Clq-related factor 
may have important structural and/or physiological functions characteristic of the Clq family. 
Therefore, the nucleic acids and proteins of the invention are useful in potential diagnostic and 
therapeutic applications and as a research tool. These include serving as a specific or selective 
nucleic acid or protein diagnostic and/or prognostic marker, wherein the presence or amount 

30 of the nucleic acid or the protein are to be assessed, as well as potential therapeutic 

applications such as the following: (i) a protein therapeutic, (ii) a small molecule drug target, 

(iii) an antibody target (therapeutic, diagnostic, drug targeting/cytotoxic antibody), (iv) a 

nucleic acid useful in gene therapy (gene delivery/gene ablation), and (v) a composition 

promoting tissue regeneration in vitro and in vivo (vi) biological defense weapon. 
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The nucleic acids and proteins of the invention are useful in potential diagnostic and 
therapeutic applications implicated in various diseases and disorders described below and/or 
other pathologies. Based on the TaqMan data, the compositions of the present invention, will 
have efficacy for treatment of patients suffering from: cancer of the colon, kidney, ovary, skin 
and brain. Since it is over expressed in cell lines derived from these tissues it can also be used 
as a diagnostic marker for cancer in these tissues. The expression of the novel gene of this 
invention upon activation of HUVEC and the homology of the novel protein of this invention 
to Clq may indicate that it is secreted by endothelial cells in areas of infiammtion where Thl 
cells are inflitrating the inflammation site such as Rheumatoid Arthritis and Inflammatory 
Bowel Disease. Based on its homology to Clq, the novel protein could be either pro- 
inflammatory activating the complement cascade and be a useful target for a monoclonal 
antibody to block this effect. Alternatively, this protein may act as a competitor of Clq and so 
act to down regulate complement mediated damage of endothelial cells. In this case it could be 
used as a protein therapeutic. IFN gamma also induces production of this protein by airway 
epithelilial cell lines NCI-H292 and dermal fibroblasts indicating again that it may play a role 
in Thl inflammatory diseases such as rheumatoid arthritis, multiple sclerosis, inflammatory 
bowel diseases and psoriasis and other diseases, disorders and conditions of the like. Because 
of its high homology to Clq-related factor, this novel protein may also play a role in disorders 
of the nervous system involved in motor function. 

Based on its homology to Clq, the novel protein of invention may also play a role in 
the pathogenesis of systemic lupus erythematosus and glomerulonephritis and therefore could 
be used for detection and treatment of these diseases. Thus this protein may be involved in 
autoimmunity. Since the novel protein of invention has a Collagen triple helix repeat domain , 
it is likely that this protein may be involved in collagen related disorders and processes such 
as but not limited to osteogenesis, rheumatoid arthritis and osteoarthritis. 

Finally, presence of somatotropin-like domain in the novel protein of invention 
suggests that it may have somatotropin (growth hormone) like function and behave as a 
growth hormone and be useful in control of growh and development/differentiation related 
functions such as but not limited maturation, lactation and puberty. Because of the 
involvement of growth hormone in many different physiologic functions, the novel protein 
may be involved in causing osteoporosis, obesity, aging and reproductive malfunction and 
hence could be used in treatment and/or diagnosis of these disorders. 
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The NOV1 1 nucleic acid, or fragments thereof, may further be useful in diagnostic 
applications, wherein the presence or amount of the nucleic acid or the protein are to be 
assessed 

NOV1 1 nucleic acids and polypeptides are further useful in the generation of 
antibodies that bind immunospecifically to the novel substances of the invention for use in 
therapeutic or diagnostic methods. These antibodies maybe generated according to methods 
known in the art, using prediction from hydrophobicity charts, as described in the "Anti- 
NOVX Antibodies" section below. For example the disclosed NOV1 1 protein have multiple 
hydrophilic regions, each of which can be used as an immunogen. In one embodiment, 
contemplated NOV1 1 epitope is from about amino acids 20 to 120. In another embodiment, 
the comtemplated NOV1 1 epitope is from about amino acids 130 to 150. In further 
embodiments, the contemplated NOV11 epitope is from about amino acids 170 to 210, or 
from about amino acids 220 to 240. This novel protein also has value in development of 
powerful assay system for functional analysis of various human disorders, which will help in 
understanding of pathology of the disease and development of new drug targets for various 
disorders. 



NOV12 

A disclosed NOV12 nucleic acid of 5895 nucleotides (also referred to as 
SC132340676_A) encoding an plexin-l-like protein is shown in Table 12A. An open reading 
frame was identified beginning with an ATG initiation codon at nucleotides 77-79 and ending 
with a TGA codon at nucleotides 5798-5800. The putative untranslated regions are underlined 
and are upstream from the initiation codon and downstream from the termination codon in 
Table 12 A. The start and stop codons are in bold letters. 



Table 12A. NOV12 nucleotide sequence (SEQ ID NO:31). 

CAGGGCTGAAGCTCCTGGCACCATGATGCTCACCCCAGCAGGACCAGA6CACCGA6GCCCAAGGCCCCAGCCTGCCA TGC 
CGCTGCCACCGCGGAGCCTGCAGGTGCTCCTGCTGCTGCTGCTGTTGCTGCTGCTGCTGCCGGGCATGTGGGCTGAGGCA 
GGCTTGCCCAGGGCAGGCGGGGGTTCACAGCCCCCCTTCCGCACCTTCTCGGCCAGCGACTGGGGCCTCACCCACCTAGT 
GGTGCATGAGCAGACAGGCGAGGTGTATGTGGGCGCAGTGAACCGCATCTATAAGCTGTCGGGGAACCTGACACTGCTGC 
GGGCCCACGTCACGGGCCCTGTGGAGGACAACGAGAAGTGCTACCCGCCGCCCAGCGTGCAGTCCTGCCCCCACGGCCTG 
GGCAGTACTGACAACGTCAACAAGCTGCTGCTGCTGGACTATGCCGCTAACCGCCTGCTGGCCTGTGGCAGCGCCTCCCA 
GGGCATCTGCCAGTTCCTGCGTCTGGACGATCTCTTCAAACTGGGTGAGCCACACCACCGTAAGGAGCACTACCTGTCCA 
GCGTGCAGGAGGCAGGCAGCATGGCGGGCGTGCTCATTGCCGGGCCACCGGGCCAGGGCCAGGCCAAGCTCTTCGTGGGC 
ACACCCATCGATGGCAAGTCCGAGTACTTCCCCAC71CTGTCCAGCCGTCGGCTCATGGCCAACGAGGAGGATGCCGACAT 
GTTCGGCTTCGTGTACCAGGATGAGTTTGTGTCATCACAGCTCAAGATCCCTTCGGACACGCTGTCCAAGTTCCCGGCCT 
TTGAOVTCTACTATGTGTACAGCTTCCGCAGCGAGCAGTTTGTCTACTACCTCACGCTGCAGCTAGACACACAGCTGACC 
TCGCCTGATGCCGCCGGCGAGCACTTCTTCACGTCCAAGATCGTGCGGCTCTGTGTGGACGACCCCAAATTCTACTCGTA 
CGTTGAGTTCCCCATTGGCTGCGAGCAGGCGGGTGTGGAGTACCGCCTGGTGCAGGATGCCTACCTGAGCCGGCCCGGCC 
GTGCCCTGGCCCACCAGCTGGGCCTGGCTGAGGACGAGGACGTGCTGTTCACTGTGTTCGCCCAGGGCCAGAAGAACCGC 
GTGAAGCCACCAAAGGAGTCAGCACTGTGCCTGTTCACGCTCAGGGCCATCAAGGAGAAGATTAAGGAGCGCATCCAGTC 
CTGCTACCGTGGTGAGGGCAAGCTCTCCCTGCCGTGGCTGCTCAACAAGGAGCTGGGCTGCATCAACTCGCCCCTGCAGA 
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TCGATGACGACTTCTGCGGGCAGGACTTCAACCAGCCCCTGGGGGGCACAGTCACCATTGAGGGGACGCCCCTGTTCGTG 
GACAAGGATGATGGCCTGACCGCCGTGGCTGCCTATGACTATCGGGGCCGCACTGTGGTATTCGCCGGCACGCGAAGTGG 
CCGCATCCGCAAGATCCTGGTGGACCTCTCAAACCCCGGTGGCCGGCCTGCCCTGGCCTACGAGAGCGTCdTGGCCCAGG 
AGGGCAGCCCCATCCTGCGAGACCTCGTCCTCAGCCCCAACCACCAGTACCTCTACGCCATGACCGAGAAGCAGGTGACG 
CGGGTGCCTGTGGAGAGCTGTGTGCAGTACACGTCCTGTGAGCTGTGTCTGGGGTCACGGGACCCCCACTGTGGCTGGTG 
TGTCCTGCACAGCATGTGCTCGCGGCGGGACGCCTGTGAGCGAGCAGACGAGCCCCAGCGCTTTGCTGCGGACCTGCTGC 
AGTGTGTGCAGCTGACTGTGCAGCCCCGCAATGTGTCTGTCACCATGTCCCAGGTCCCAGTACTTGTGCTGCAGGCCTGG 
AACGTGCCTGACCTCTCAGCTGGCGTCAACTGCTCCTTCGAGGACTTCACGGAATCTGAGAGCGTCCTGGAGGATGGCCG 
GATCCACTGCCGCTCACCCTCCGCCCGGGAGGTGGCGCCCATCACGCGGGGCCAGGGTGAGGGAGACCAGCGGGTGGTGA 
AACTCTACCTAAAGTCCAAGGAGACAGGGAAG7VAGTTTGCGTCTGTGGACTTCGTCTTCTACAACTGCAGCGTCCACCAG 
TCGAGCTGCCTGTCCTGTGTCAACGGCTCCTTTCCCTGCCACTGGTGCAAATACCGCCACGTGTGCACACACAACGTGGC 
TGACTGCGCCTTCCTGGAGGGCCGTGTCAACGTGTCTGAGGACTGCCCACAGATCCTGCCCTCCACGCAGATCTACGTGC 
CAGTGGGAGTGGTAAAACCCATCACCCTGGCCGCACGGAACCTGCCACAGCCACAGTCAGGCCAGCGTGGATATGAGTGC 
CTCTTCCACATCCCGGGCAGCCCGGCCCGTGTCACCGCCCTGCGCTTCAACAGCTCCAGCCTGCAGTGCCAGAATTCCTC 
GTACTCCTACGAGGGGAACGATGTCAGCGACCTGCCAGTGAACCTGTCAGTCGTGTGGAACGGCAACTTTGTCATTGACA 
ACCCACAGAACATCCAGGCGCACCTCTACAAGTGCCCGGCCCTGCGCGAGAGCTGCGGCCTCTGCCTCAAGGCCGACCCG 
CGCTTCGAGTGCGGATGGTGCGTGGCCGAGCGCCGCTGCTCCCTGCGACACCACTGCGCTGCCGACACACCTGCATCGTG 
GATGCACGCGCGTCACGGCAGCAGTCGCTGCACCGACCCCAAGATCCTCAAGCTGTCCCCCGAGACGGGCCCGAGGCAGG 
GCGGCACGCGGCTCACTATCACAGGCGAGAACCTGGGCCTGCGATTCGAAGACGTGCGTCTGGGCGTGCGCGTGGGCAAG 
GTGCTGTGCAGCCCTGTGGAGAGCGAGTACATCAGTGCGGAGCAGATCGTCTGTGAGATCGGGGACGCCAGCTCCGTGCG 
TGCCCATGACGCCCTGGTGGAGGTGTGTGTGCGGGACTGCTCACCACACTACCGCGCCCTGTCACCCAAGCGCTTCACCT 
TCGTGACACCAACCTTCTACCGTGTGAGCCCCTCCCGTGGGCCTCTGTCAGGGGGCACCTGGATTGGCATCGAGGGAAGC 
CACCTGAACGCAGGCAGTGATGTGGCTGTGTCGGTCGGTGGCCGGCCCTGCTCCTTCTCCTGGTCCAGGAGGAACTCCCG 
TGAGATCCGGTGCCTGACACCCCCCGGGCAGAGCCCTGGCAGCGCTCCCATCATCATCAACATCAACCGCGCCCAGCTCA 
CCAACCCTGAGGTGAAGTACAACTACACCGAGGACCCCACCATCCTGAGGATCGACCCCGAGTGGAGCATCAACAGCGGT 
GGGACCCTCCTGACGGTCACAGGCACCAACCTGGCCACTGTCCGTGAACCCCGAATCCGGGCCAAGTATGGAGGCATTGA 
GAGGGAGAACTGCCTGGTGTACAATGACACCACCATGGTATGCCGCGCCCCGTCTGTGGCCAACCCTGTGCGCAGCCCAC 
CAGAGCTGGGGGAGCGGCCGGATGAGCTGGGCTTCGTCATGGACAACGTGCGCTCCCTGCTTGTGCTCAACTCCACCTCC 
TTCCTCTACTACCCTGACCCCGTACTGGAGCCACTCAGCCCCACTGGCCTGCTGGAGCTGAAGCCCAGCTCCCCACTCAT 
CCTCAAGGGCCGGAACCTCTTGCCACCTGCACCCGGCAACTCCCGACTCAACTACACGGTGCTCATCGGCTCCACACCCT 
GTACCCTCACCGTGTCGGAGACGCAACTGCTGTGCGAGGCGCCCAACCTCACTGGGCAGCAGAAGGTCACGGTGCGTGCA 
GGTGGCTTCGAGTTCTCGCCAGGGACACTGCAGGTGTACTCGGACAGCCTGCTGACGCTGCCTGCCATTGTGGGCATTGG 
CGGAGGCGGGGGTCTCCTGCTGCTGGTCATCGTGGCTGTGCTCATCGCCTACAAGCGCAAGTCACGAGATGCTGACCGCA 
CACTCAAGCGGCTGCAGCTCCAGATGGACAACCTGGAGTCCCGCGTGGCCCTCGAATGCAAGGAAGCCTTTGCAGAGCTG 
CAGACAGACATCCACGAGCTGACCAATGACCTGGACGGTGCCGGCATCCCCTTCCTTGACTACCGGACATATGCCATGCG 
GGTGCTCTTTCCTGGGATCGAGGACCACCCTGTGCTCAAGGAGATGGAGGTACAGGCCAATGTGGAGAAGTCGCTGACAC 
TGTTCGGGCAGCTGCTGACCAAGAAGCACTTCCTGCTGACCTTCATCCGCACGCTGGAGGCACAGCGCAGCTTCTCCATG 
CGCGACCGCGGGAATGTGGCCTCGCTCATCATGACGGCCCTGCAGGGCGAGATGGAATACGCCACAGGCGTGCTCAAGCA 
GCTGCTTTCCGACCTCATCGAGAAGAACCTGGAGAGCAAGAACCACCCCAAGCTGCTACTGCGCCGGCCAACTGAGTCGG 
TGGCAGAGAAGATGCTAACTAACTGGTTCACCTTCCTCTTGTATAAGTTCCTCAAGGAGTGCGCTGGGGAGCCGCTGTTC 
ATGCTGTACTGCGCCATCAAGCAGCAGATGGAGAAGGGCCCCATTGACGCCATCACGGGTGAGGCACGCTACTCCCTGAG 
TGAGGACAAGCTCATCCGGCAGCAGATTGACTACAAGACACTGACCCTGAACTGTGTGAACCCTGAGAATGAGAATGCAC 
CTGAGGTGCCGGTGAAGGGGCTGGACTGTGACACGGTCACCCAGGCCAAGGAGAAGCTGCTGGACGCTGCCTACAAGGGC 
GTGCCCTACTCCCAGCGGCCCAAGGCCGCGGACATGGACCTGGAGTGGCGCCAGGGCCGCATGGCGCGCATCATCCTGCA 
GGACGAGGACGTCACCACC7VAGATTGACAACGATTGGAAGAGGCTGAACACACTGGCTCACTACCAGGTGACAGACGGGT 
CCTCGGTGGCACTGGTGCCCAAGCAGACGTCCGCCTACAACATCTCCAACTCCTCCACCTTCACCAAGTCCCTCAGCAGA 
TACGAGAGCATGCTGCGCACGGCCAGCAGCCCCGACAGCCTGCGCTCGCGCACGCCCATGATCACGCCCGACCTGGAGAG 
CGGCACCAAGCTGTGGCACCTGGTGAAGAACCACGACCACCTGGACCAGCGTGAGGGTGACCGCGGCAGCAAGATGGTCT 
CGGAGATCTACTTGACACGGCTACTGGCCACCAAGCAGGGCACACTGCAGAAGTTTGTGGACGACCTGTTTGAGACCATC 
TTCAGCACGGCACACCGGGGCTCAGCCCTGCCGCTGGCCATCAAGTACATGTTCGACTTCCTGGATGAGCAGGCCGACAA 
GCACCAGATCCACGATGCTGACGTGCGCCACACCTGGAAGAGCAACTGCAGCCTGCCCCTGCGCTTCTGGGTGAACGTGA 
TCAAGAACCCACAGTTTGTGTTCGACATTCACAAGAACAGCATCACGGACGCCTGCTTGTCGGTGGTGGCCCAGACCTTC 
ATGGACTCCTGCTCCACCTCTGAGCACAAGCTGGGCAAGGACTCACCCTCCAACAAGCTGCTCTACGCCAAGGACATCCC 
CMCTACAAGAGCTGGGTGGAGAGGAGGTACTATGC^GAC^TCGCC^GATGCCAGCCATCAGCGACCAGGACATGAGTG 
CGTATCTGGCTGAGCAGTCCCGCCTGCACCTGAGCCAGTTCAACAGCATGAGCGCCTTGCACGAGATCTACTCCTACATC 
ACCAAGTACAAGGATGAGGTGCAGATCCTGGCAGCCCTGGAGAAGGATGAGCAGGCGCGGCGGCAGCGGCTGCGGAGCAA 
GCTGGAGCAGGTGGTGGACACGATGGCCCTGAGCAGCTG AGCCCCAGCTGTGATCATCCAGCATGATGCAGCGTGAGGAC 
AGCTGAGCAGGGACCGGGACAGCCCTCACCGCATGCGTGTGGAGTGTCCGGTGGT 



In a search of public sequence databases, the NOV12 nucleic acid sequence, located on 
chromsome 8 has 2950 of 3362 bases (87%) identical to a plexin-1 mRNA from Mus 
musculus, (GENBANK-ID: D86948) (E = 0.0). Public nucleotide databases include all 
5 GenBank databases and the GeneSeq patent database. 
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The disclosed NOV12 polypeptide (SEQ ID NO:32) encoded by SEQ ID NO:31 has 
1925 amino acid residues and is presented in Table 12B using the one-letter amino acid code. 
Signal P, Psort and/or Hydropathy results predict that NOV12 contains a signal peptide and is 
likely to be localized in the plasma membrane with a certainty of 0.6000. In other 
embodiments, NOV 12 is likely to be localized to the Golgi body with a certainty of 0.4000, to 
the endoplasmic reticulum (membrane) with a certainty of 0.1000, or to the endoplasmic 
reticulum (lumen) with a certainty of 0. 1000. The most likely cleavage site for NOV12 is 
between positions 44 and 45: MWA-EA. 



Table 12B. Encoded NOV12 protein sequence (SEQ ID NO:32). 

MMLTPAGPEHRGPRPQPAMPLPPRSLQVLLLLLLLLLLLPGMWAEAGLPRAGGGSQPPFRTFSASDWGLTHL 
VVHEQTGEVYVGAVNRIYKLSGNLTLLRAHVTG^ 

LLACGSASQGICQFLRLDDLFKLGEPHHRKEHYLSSVQEAGSMAGVLIAGPPGQGQAKLFVGTPIDGKSEYF 
PTLSSRRLMANEEDADMFGFVYQDEFVSSQLKIPSDTLSKFPAFDIYYVYSFRSEQFVYYLTLQLDTQLTSP 
DAAGEHFFTSKIVRLCVDDPKFYSYVEFPIGCEQAGVEYRLVQDAYLSRPGRALAHQLGLAEDEDVLFTVFA 
QGQKNRVKPPKESALCLFTLRAIKEKIKERIQSCYRGEGKLSLPWLLNKELGCINSPLQIDDDFCGQDFNQP 
I/3GTVTIEGTPLFVDKDDGLTAVAAYDYRGRTVVFAGTRSGRIRKILVDLSNPGGRPALAYESWAQEGSPI 
LRDLVLSPNHQYLYAMTEKQVTRVPVESCVQYTSCELCLGSRDPHCGWCVLHSMCSRRDACERADEPQRFAA 
DLLQCVQLTVQPRNVSVTMSQVPVLVLQAWNVPDLSAGVNCSFEDFTESESVLEDGRIHCRSPSAREYAPIT 
RGQGEGDQRVVKLYLKSKETGKKFASVDFVFYNCSVHQSSCLSCTO 

RVNVSEDCPQILPSTQIYVPVGWKPITLAARNLPQPQSGQRGYECLFHIPGSPARVTALRFNSSSLQCQNS 
SYSYEGNDVSDLPWLSVVWNGNFVIDNPQNIQAHLYKCPALRESCGLCLKADPRFECGWCVAERRCSLRfffl 
CAADTPASWMHARHGSSRCTDPKILKLSPETGPRQGGTRLTITGENLGLRFEDVRLGVRVGKVLCSPVESEY 
ISAEQIVCEIGDASSVRAHDALVEVCVRDCSPHYRALSPKRFTFVTPTFYRVSPSRGPLSGGTWIGIEGSHL 
NAGSDVAVSVGGRPCSFSWSRRNSREIRCLTPPGQSPGSAPIIININRAQLTNPEVBCYNYTEDPTILRIDPE 
WSINSGGTLLTVTGTNLATVREPRIRAKYGGIERENCLVYNDTTMVCRAPSVANPVRSPPELGERPDELGFV 
MDNVRSLLVLNSTSFLYYPDPVLEPLSPTGLLELKPSSPLILKGRNLLPPAPGNSRLNYTVLIGSTPCTLTV 
SETQLLCEAPNLTGQHKVTVRAGGFEFSPGTLQVYSDSLLTLPAIVGIGGGGGLLLLVIVAVLIAYKRKSRD 
. ADRTLKRLQLQMDNLESRVALECKEAFAELQTDIHELTNDLDGAGIPFLDYRTYAMRVLFPGIEDHPVLKEM 
EVQANVEKSLTLFGQLLTKKHFLLTFIRTLEAQRSFSMRDRGNVASLIMTALQGEMEYATGVLKQLLSDLIE 
KNLESKNHPKLLLRRPTESVAEKMLTNWFTFLLYKFL 

SEDKLIRQQIDYKTLTLNCVNPENENAPEVPVKGLDCDTVTQAKEKLLDAAYKGVPYSQRPKAADMDLEWRQ 
GRMAR 1 1 LQDE D VTTKI DN DWKRLNTLAH YQVTD GS S VALVPKQT SAYN I SNS S T FTKSLSR YE SMLRTAS S 
PDSLRSRTPMITPDLESGTKLWHLVKNHDHLDQREGDRGSKMVSEIYLTRLLATKQGTLQKFVDDLFETIFS 
TAHRGSALPLAIKYMFDFLDEQADKHQIHDADVRHTWKSNCSLPLRF6TO^VIKNPQFVFDIHKNSITDACLS 
WAQTFMDSCSTSEHKLGKDSPSNKLLYAKDIPNYKSWVERRYYADIAKMPA1SDQDMSAYLAEQSRLHLSQ 
FNSMSALHEIYSYITKYKDEVQILAALEKDEQARRQRLRSKLEQVVDTMALSS 

A search of sequence databases reveals that the NOV12 amino acid sequence has 1820 
of 1907 amino acid residues (95%) identical to, and 1859 of 1907 amino acid residues (97%) 
similar to, the 1894 amino acid residue plexin-1 protein ftom Mus musculus (P70206) (E = 
0.0). Public amino acid databases include the GenBank databases, SwissProt, PDB and PIR. 

NOV12 is expressed in at least the following tissues: whole organism, brain, testis, 
trabecular Bone, lymph, germinal center B cells. In addition, NOV12 is predicted to be 
expressed in the following tissues because of the expression pattern of (GENBANK-ID: 
acc:AI255192) a closely related plexin-1 homolog in species Mus musculus: brain, testis. 

The disclosed NOV12 polypeptide has homology to the amino acid sequences shown 
in the BLASTP data listed in Table 12C. 
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Table 12C. BLAST results for NOV12 


Gene Index/ 
Identifier 


Protein/ Organism 


Length 
(aa) 


Identity 
(%) 


Positives 
(%) 


Expect 


Ptnr : SPTREMBL- 
ACC:P70206 


PLEXIN 1 - Mus 
mus cuius 


1894 


1820/1907 
(95%) 


1859/1907 
(97%) 


0.0 


ptnr : SPTREMBL- 
ACC:Q9UIW2 


NOV/PLEXIN-A1 
PROTEIN - Homo 
sapiens 


1754 


1743/1762 
(98%) 


1746/1762 
(99%) 


0.0 


ptnr : SPTREMBL- 
ACC:Q91823 


PLEXIN PRECURSOR 
- Xenopus laevis 


1905 


1603/1893 
(84%) 


1730/1893 
(91%) 


0.0 


ptnr:SWISSPROT- 
ACC:P51805 


Plexin A3 
precursor (Plexin 
4) 


1871 


1252/1874 
(66%) 


1483/1874 
(79%) 


0.0 


ptnr : SPTREMBL- 
ACC:P70208 


PLEXIN 3 - Mus 
mus cuius 


1872 


1245/1874 
(66%) 


1478/1874 
(78%) 


0.0 



The homology between these and other sequences is shown graphically in the 
ClustalW analysis shown in Tatile 12D. In the ClustalW alignment of the NOV12 protein, as 
well as all other ClustalW analyses herein, the black outlined amino acid residues indicate 
regions of conserved sequence (Le., regions that may be required to preserve structural or 
functional properties), whereas non-highlighted amino acid residues are less conserved and 
can potentially be altered to a much broader extent without altering protein structure or 
function. 



l) 

2) 
3) 
4) 
5) 
6) 



Table 12D. ClustalW Analysis of NOV12 

NOV12 (SEQ ID NO: 32) 

ptnr: PLEXIN 1 - Mus musculus (SEQ ID NO: 81) 
ptnr: NOV/PLEXIN-A1 PROTEIN - Homo sapiens (JSEQ ID NO: 82) 
ptnr: PLEXIN PRECURSOR - Xenopus laevis (SEQ ID NO: 83) 
ptnr: Plexin A3 precursor (Plexin 4) (SEQ ID NO: 84) 



Novi2 mmltpagpehrgprpqpampEpprsusvllllBli^ 

P7020 6 flPLPPLSSRTr " 

Q9U1W2 

Q91B23 RllhaerplpfhJwt; 

PS180S MPsycQBLLL: 



NOV12 

P70206 

Q9UXW2 

Q91823 

P5180S 





NOV12 

P70206 

Q9UIW2 

Q91823 

P51805 

NOV12 

P70206 

Q9UIW2 

Q91623 

P51805 



L D DL FKLGE PHHRKEHY LS SV^EAG S MAGV L I AG P PGQGQAK L FVGT P I DGK3E Y F PT LS S R R LM/W h 
L 1^ L FKLG E P H H R KE H Y LS 5VQEAG S MAGV I . T AG P PGOGQAKT. FVGTPTPGKSBYFPTI.SfiRRT M '* * 



fKEDAt*! 
—KEDADM 



:EDADMFGFVYQI 
RpAnMFGFVYOr 



LDDLFKLGEPHHRKEHYLSSVMH 

r . nnT.PKr.GF. p hh r kf h y t .f&d 



epvs^qlkipsdtlskfpakdiyyvysfrseqfvyyltlqldi'Qltspdaagehfftskivrlca'Sj »pkfysyveVpig< 
rfvssqlkipsdtlsktpafdiyyvysfrseqfvyyltlqldtqltspdaagehfftskivri,cvgr»pkfysyvefpigc 
kfvssql.ktpsptl.pktpafptyyvysfrseoi^y 



laaiefi«iiai^u*MBiLVnaiJg^ 



240 
220 
200 
160 
202 

320 
300 
280 
160 
282 
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NOV12 

P70206 

Q9UIW2 

Q91B23 

P51805 

NOV12 

P70206 

Q9UIW2 

Q91823 

P51805 

NOV12 

P70206 

Q9UZW2 

Q91823 

P51805 

NOV12 

P70206 

Q9UIW2 

091823 

P51805 

NOV12 

P70206 

Q9UIW2 

Q91823 

P51805 

NOV12 

P70206 

Q9UIW2 

Q91823 

P51805 

NOV12 

P70206 

Q9UTW2 

Q91823 

P51805 

NOV12 

P70206 

Q9UIW2 

Q91823 

P51805 

NOV12 

P70206 

Q9UTH2 

Q91823 

P51805 

NOV12 

P70206 

Q9U1W2 

Q91823 

P51805 

NOV12 

P70206 

Q9UIW2 

Q91823 

P51805 

NOV12 

P70206 

Q90IW2 

Q91823 

PS1805 

NOV12 

P70206 

Q9UIW2 

Q91823 

P51805 

N0V12 

P70206 

Q9U1W2 

Q91823 

P51805 

NOV12 

P70206 

Q9UIW2 

Q91823 

P51805 



^AGVEYRLVQBAYLSRPGgAL/'JJU^^ 

F.QAGVE Y RLVQBAY LSRPCwALAgjCiLGLAE DE^VLFTVFAQGQkSrVK PPKES ALCLFT LRAI KEKI KER IQSC YRGEGfc 
KOAGVF.Y RT .VOHAY I .SP Pffl-M .1^0 f*GT AF.P F.PVl.FTV FAQ ^QK^RV K P P K R 5 A T ,r I . FT T .FA T K F. K T KRRJC'^^ YR^RGi 



400 
380 
360 
160 

|sn|nahBr]r0QSI13BS t 362 




| G FflD] 



11 SuRPAIJVYESWAOEGSPILKfJLVLSl I^QYLY^ 
i SgRPALAYESWAQEGiSp I LRDLVLSrlfe^YLYAl>nEKQVT^PVESCVQYTSCELCLGSRDPHCGMCVLH^ 
i- EGR PATAYF,SWAPEGSPrT.RrqVT,rJ i ppYIA'AMTF^ ' 



SPACE RARK PnR F/i.giiLLQCVO.LTVO pR^y S VTMSOVFfil^LQAWlW PDLSAGV j "SFEDFTFgKSVLL SL-GR I HCgSI ' 
fflDACERAHl- PQRF/>5dLLQCVQLTVQL 3 pS^SVTMSQV1 fluaQAwRvPDLSAGvJcSFEDFTEMESgLL [L.GRIHCg^E' 

'&r>Ar f.faHr por F/fln i . lo p voltvo pi- JWsvtmsov r 1 1 .vT.OA^vpPLSAGvS^SFFnFTFgF.^vF.r jr-np Turgor 



flEGffll^SAgHGffiqEElfeld^^ 597 



560 
540 
520 
160 
518 

639 
618 
598 
160 



-lAREVAPlTRGL* 
3AREVAPI T^GC- 
"5ARFVAPTTRGC ; 



KSKETGKKTASVDFVFY 
KSKETGKKFASVDFVFY 
K SKETGKK FAS VP FVFY 



|L|QBURA|jljH- 




RPHElslQl 674 



GRVjJHk'.EDCPQILPSt 1 L Y V PVGWKP 1 '1' LAAraLEQ PQSGQRGY EC LFHI PCS PARVTA LP Hjjj'JSS LQO.ijj: '.SYSYEi 
GRvjffisEDCPQILPST! [YVPVGWKPITIjWiiJlPQFQSGQRGYECLFHIPGSPARVTALRF^SSLOC^SYSYE* 
GRvSR^EPOPOILPSt! f YV PVGWK PTTI .AAP" f .PPPPSCQRG YF,r l.FHT PGP PARVTALR I- fl^ SI.p'"*'. -ft j SY S Y E' 



N 799 
JN 775 
755 
160 




EtHGjTEljD: 



JGRCTDPKJLKLSPETGPRQGGTKLTlTGEgLGl^FEDVRLGVgVGWLCSPVESEYISAEClIVCElGL'A-J^l-AHDALV 
-^SRCTDPKILKLSPETGPRQGGTRLTITGEKi.GLRFEDVRLGW 

-SRCTPPK T LKLS PETGPROGGTF. LT T TGp"l.GLP FEPVR LGVgVGKVLCS PVESEY T SAEQTVT. T GPArgg P AH PA T ■* ' 



P. VCVR DCS |H Y RA LS PKRFT FVT PT FY RVS PS RG PI.SGGTW I GI EGS H I glAG S DVAVS VGG R PCS FS U ft a •- u i;*.R E I KC 
EVCVRDCS jHYRALSPKRFTFVTPTFYRVSPSRGPLSGGTWIGIEGSIIu2jAGSDVAV30GGRPCSFSVJ| Sv.iTiSREIRC 
'•.vrvpr-rr SllYRAI .F.PKP.FTFVTPTFYPVSP.^PGPl .SGGTW T R I F.GSH \ H^nSPVAVSvnnp prp FH> H B -PF. 1 P r 



959 
935 
915 
160 



,VPSPPPGP| 911 



1039 
1013 
993 
160 









GGTLLTVTGTlSlAT 


VREP 


RIRAKYGG1ERE 




P PG 5§J TGSAP Tft 1 ffl i R RAQlgg 1'EVKWiTE 


DPTILRIDPEW 


si wis 


ggtlltvtgtSlat 


VREP 


RIRAKYGGIERE 




P Pg5@! PGP AP T R f iT R AO! 55 ^EVKySyT F 


PPTT1.RTPPF.W 


siHs 


GGTLt.TVTGTl3r.AT 


VREP 


RTPAKYGtlTEPF 

















1092 
1072 
— 160 
'NTl 1069 




Q|IN£Qa|i4kQgJ!fLGR PQ|RAQQHSQFQ^jH|Q^ARS (nrSQI^BQSD 5 ^BBI^^Cyl^yB^^^OlB^ 1149 



l^PPAPGffi^RLSYTVLIGSTPCyXTVSETQLLCEAIffll^TGQHKVTVRAGGFEFSPGTUJVYSDSLLTLPAlVGIGGGw. 

llppapoSsriSytvligstpcbltvsetqllceapBltg^hkvtvraggfefspoSlqvys 

Jf J . P P A P f -.R I S YT V I ,T G ST P»"H I .T VP R TO T .F >rv. A I " 1 .T GO HInVTVRAGGFRFSPGTI^VYSPPU.TT-PATVGTGGGGi 



ISTPrBTTVSRTOTJ.rRAlSlTGOHKWVRAGGFFFSPGTI.OVYSPSU.TT.PATVRTGGm 



1277 
1252 
1232 
160 



*JigiA|^s BBl N HBSnni Goin^ 1229 



I.LLLVIVAVLlAYKRKSRDADRTLKRLQLQMr.gl.ESRVALECKEAFAELQTDlHELTgDLDGAGlPFLDYRTYAMRVLFt 
LLLLV IVAVLI AYKRKSRDADRTLKRLQLQMI'BlESRVALECKEAFAELQTD I HELTgDLDGAGI PFLDYRTYAMRVLFr 
LT.U.VTVAVIJAYKRKSRIW>RTT.KRI.OI.OMr^ 



1 1edhpv lkemevuagv/ eks lt l.fgqlltkkh fllt b'irt i .eaqr5 fsmrdrggvaslimtalclgemey atgvlkol - ls 1 1 
giediipvlkemevqaSveksltlfgqlltkkhexltfirtleaqrsfswrdrgwaslimtalqgemeyatgvlkollsc 

"TFXa{PVT,KRMF,VQ.^[S^FKFrTT.FGOIJ,TKKHFr.LTFTPTI.EAOPPFF^RPR^ / ASrJMTflT.OGF.MRY 



OTPP1 



m 



1357 

1332 

1312 

160 

1309 

1437 

1412 

1392 

160 

1389 



LIHKfjLFSK^HPKLLLkKgTESVAEKMLTiJ^FTKLLYKFLKECAGtPLFMLYCALK^^^ 

I.IEK'SlESkShPKLLLRR jrESVAEKMLTr?|t/FTFLLYKFLKECAGEPLFMIiYCAIKQQMEK*GPIDAI TGEARYSLSEDKI 
I.TEfBrESkBhPKI J.l.RFBrERVARK*MI.T^FTFr/T.YKFTJ\'EGAGEPI.FMt.Y^ATKQOMRKGPTPA^ TGRfl R YS f .F- R PR* T 



1517 
1491 
_ 1471 
- 160 
1468 
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10 



15 



20 



25 



30 



35 



N0V12 

P70206 

Q9UIW2 

Q91823 

P51805 

NOVX2 

P70206 

Q90IW2 

Q91823 

P51805 

NOV12 

P70206 

Q9UIW2 

Q91823 

P51805 

NOV12 

P70206 

Q9UIW2 

Q91823 

P51805 

N0V12 

P70206 

Q9UIW2 

Q91823 

P51805 

NOV12 

P70206 

Q9UIW2 

Q91823 

PS180S 



L RQQI D YKTLT iJJ CVgpEgV. 5 At'E VPVKG 
LRQQ I DVKTLTLB CvHpF.ffll-: j APEVPVKG! 
f PfSC'T DYKTLT1 5 rv-BpF.Si.-R i.PF.VPV" 



/kglHcdtvtc'Skekllda fflYKGVPYSQR PwSl'iMDLEWRQGRMARI t lqdee 
/Kftl .1 VDTVT0AKF.K1 .1 .ftAHV KGV PY POR PK/flf I T T £W.I' 



1597 
1571 
1551 
160 

||gg3n3gEB fflHg|c(PNB^ 154 8 



TTKI[iSnWKRI.fflTLAHYQVTDG5SVALVPKQTSAYSrfR 3STETKSLSRYESMLRTA5SFDSLRSRTPMT,TPDLE3GTKl 
TTKT fSl WKR I -St I ,A H YOVT VAT .VPrfpTSAYH ! I'Sh S T FTKS I.SR Y Ff.M T.RTASS PDS LPSRT PM T TPP f .ESfiTK ! 



(• PI (t»: •: I.SRYF.:'j|i ,RTA:-.:-: !M ; r - : -t 



J H LV Kffi! I D H L DQR EG DR GS KMVS £ I Y I iT R L LAUvME'I ' I ,QK FV DL> L FE T I FS TA H RGS A L PL A I K Y H c DF 1.1 »ii«jAuKHu 1 1 1 

uhlvkShdhldqregdrgskwseiyltrllatk^ 

-IHLVI'KhDHIXiC'REGPRGPKTP/SE^ K YM FP F f.PF.OAPKHO T I 



L P LR FW V W I K^PQP/ F D 1 H Kwp I T DAC LS WAQT FMDS C ST SK H LGK DS L L Y AKD 1 1 Si Y Kl ' 
LPLRFliA'raVIKSF0F\ , FDIHKS3ITDACLSVVA0T FMPSC?TSRHl2^KnSPr^M,I.YAKPTp5YK'~ 
f.PI.R FWV SV T m\ >0 FV FP I HKHS T TPAC L? V\' 




1677 

1651 

1631 

160 

1628 

1757 

1730 

1710 

160 

1707 

1837 

1809 

1754 

160 

1786 

1917 

1686 

1754 

160 

1863 



1925 
1894 
1754 

160 

gSI#§SD| 1871 



Tables 12E-12N list the domain descriptions from DOMAIN analysis results against 
N0V12. This indicates that the NOV12 sequence has properties similar to those of other 
proteins known to contain this domain. 
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Table 12E. Domain Analysis of NOV12 



gnl | Smart I smart00630 , Sema, semaphorin domain 
CD-Length = 430 residues f 100.0% aligned 
Score - 242 bits (618) , Expect =» le-64 



(SEQ ID NO: 113) 





Query: 


69 


45 


Sbjct: 


1 




Query: 


129 




Sbjct: 


57 


50 


Query: 


187 




Sbjct: 


116 


55 


Query : 


245 




Sb j ct : 


162 




Query: 


305 


60 


Sbjct: 


209 




Query: 


354 




Sbjct: 


260 



LTHLWHEQTGEVYVGAVNRIYKLSGNLTLLRAHVTGPVEDNEKCYPPPSVQSCPHGLGS 
I + 1++ I I +1111 11+1 II II llll + I I 

LQNLLLDE DNGTLYVGARNRLYVLSLNLI SEAE VKTGPVLS S PDCEEC — VSKGKDPP — 



128 



56 



TDNVNK-LLLLDYMNRLLACGS-ASQGICQFLBIjDDLFKLGEPHHRKEHYLSSVQEAGS 186 

llll 1 1 I I I 1+ I I 1 1+ I I +1+ + 1 +1 +! I + 

TDCVNFIRLLLDYNADHLLVCGTNAFQPVCRLINLGNLDRL-EVGRESGRGRCPFDPQHN 115 
MAGVLIAGPPGQGQAKLFVGTPID— - GKSEYFPTLSSRRLMANEEDADMFGFVYQDEFVS 244 

11+ I +1+1 1 1 II 11+ I 

STAVLVDG ELYVGTVADFSGSDPAIYRSLSVRRLKGTSG PSLRTVL 1 61 

SQLKIPSDTLSKFPAFDIYYVYSFRSEQFVYYLTLQLDTQLTSPDAAGEHFFTSKIVRLC 304 

+ + + +11+1 I 111+ + I I++ l+l 

YDSRWLN E PN FVYAFE S GDFVYF FFRETAVEDENCGKAWSRVARVC 208 

VDD PKFYSYVE FPIGC EQAGVEYRLVQDAYLSRPGRALAHQLGLAEDED 353 

+1 1+ I+++ +| + + +1 l+l I +| +| 

KNDVGGPRSLSKKWTSFLKARLECSVPGEFPFYFNELQAAFLLPAG SESDD 259 

VLFTVFAQGQKNRVKPPKESALCLFTLRAIKEKIKERIQSCYRGEGKLSL PWLLNK 409 

M+ 11+ | | | + | | + | | I + I I + + 

VLYGVFSTS SNPIPGSAVCAFSLSDINAVFNEPFKECETGNSQWLPYPRGLVPFPR 315 

135 



WO 02/057450 



PCT/US01/48922 



Query: 410 ELGCINSPLQI DDDFC-GQDFNQPLGGTVTIEGTPLFV— DKDDGLTAVAA Y 458 

ll+ll II + + I I I I I I + I 

Sbjct : 316 PGTCPNTPLSSKDLPDDVLNFIKTHPLMDEWQPLTGRPLFVKTDSNYLLTSIAVDRVRT 375 

Query: 459 DYRGRTWFAGTRSGRIRKILVDLSNPGGRPALAYESWAQEGSPILRDLVLSPNH 514 

i ii+i ii in i+++ i+ +ii ni+ mm 

Sbjct: 376 DGGNYTVLFLGTSDGRILKWLSRSSSSSESWLEEISVFDPGSPV-SDLVLSPKK 430 



Table 12F. Domain Analysis of NOV12 

qnl | Pfam|p£am014O3 f Sema, Sema domain. The Sema domain occurs in 

semaphorins, which are a large family of secreted and transmembrane 

proteins, some of which function as repellent signals during axon 

guidance. Sema domains also occur in the hepatocyte growth factor 

receptor. (SEQ ID NO: 114) 

CD-Length = 433 residues, 99.5% aligned 

Score = 171 bits (432), Expect = 5e-43 



10 





Query: 


69 




Sbjct: 


1 


15 


Query: 


125 




Sbjct: 


57 


20 


Query: 


183 




Sb j ct : 


114 




Query: 


243 


25 


Sbjct: 


160 




Query: 


303 


30 


Sbjct: 


209 




Query : 


350 




Sbjct: 


260 


35 


Query: 


408 




Sbjct: 


316 


40 


Query: 


458 


Sbjct: 


376 



LTHL WHEQTGE VYVG AVNR I YKL S GN LTLLRAHVTGPVEDNEKCYPPPSVQSCPH 124 

I++ I I +1 II I I 1 + 1 1+ +1+ || | + | 
FVT L LL DE DRGRL YVGARNR V YVLNLE DL S E VLNLKT GW PG S CET CE E CNMKGKS P 56 

GLGSTDNVN-KLLLLDYAAWRLLACGS-ASQGICQFLRLDDLFKLGEPHHRKEHYLSSVQ 182 

1+ I +11 I I 1+ I I +1 + | | | | | + 
LTECTNFIRVLQAYNDTHLYVCGTNAFQPVCTLINLGDLFSLDVDNEEDGCGDCPYD 113 

EAG SMAGVLI AGP PGQGQAKLFVGT PI DGKSEYFPTLS SRRL^5ANEEDADMFGFVYQDEF 242 

1+ 11+ I +1+ I I I 1 + + | +| 

PLGNTTSVL VQG GELYSGTVID FSGRDPSIRRLLGSHDGLRTEFHD — 159 

VSSQLKIPSDTLSKFPAFDIYYVYSFRSEQFVYYLTLQIrDrOLrSPDAAGEHFFTSKIVR 302 

I I +1+ ++ | + | | + | M+U+ + |+ + |++ | 

-SKWLNLPNFVD SYPIHYVHSF-SDDKVYF FFRE T AVE D S NCKT I H- SRVAR 208 

LCVDDPKFYSYVEFPIGC EQAGVEYRLVQDAYLSRPGRALAHQLGLA 349 

+1 +11 ll+l | + +| I++ | | 
VCKNDPGGRSYLELNKWTTFLKARLNCSIPGEGTPFYFNELQAAFVLPTG A 259 

EDEDVLFTVFAQGQKNRVKPPKESALCLFTLRAIKE— KIKERIQSCYRGEGKLSLPWLL 407 
+ + I 1+ I I I 1 + 1 I++ I + + +|1 

DTDPVLYGVFTTS SNSSAGSAVCAFSMSDINQVFEGPFKHQSPNSKWLPYRGKVPQ 315 

NKELGCINSP-LQIDDDFCGQDFNQPLGGTVT — IEGTPLFVDKDDG — LTAVA A 457 

+ I 1+ 1 + II II ) + || || + M++1 | 

PRPGQCPNASGLNLPDDTLNFIRCHPLMDEWPPLHNVPLFVGQSGNYRLTSIAVDRVRA 375 

YDYRGRTWFAGTRSGRIRKILVDLSNPGGR PALAYESWAQEGSPILRDLVLS 511 

I + ll + l I I 11+ 111 + || + | +1 |+ 1 ++ 1 

GDGQIYTVLFLGTDDGRV-LKQWLSRSSSASYLWVLEESLVFPDGEPVQRMVISS 431 



Table 12G. Domain Analysis of NOV12 

gnl|Pfam|pfam01833 , TIG, IPT/TIG domain. This family consists of a 

domain that has an immunoglobulin like fold. These domains are found 

in cell surface receptors such as Met and Ron as well as in 

intracellular transcription factors where it is involved in DNA 

binding. (SEQ ID NO: 115) 

CD-Length = 85 residues, 100.0% aligned 

Score - 78.2 bits (191), Expect = 4e-15 
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Query: 983 PTFYRVSPSRGPLSGGTWIGIEGSHLNAGSDVAVSVGGRPCSFSWSRRNSREIRCLTPPG 1042 

I +111 I I I I I I 1 I I 11 + 1 +1 1+ 1+ II I + + +1 I III 

Sbjct : 1 PVITSISPSSGPLSGGTEITITGSNLGSGEDIKVTFGGTECDV — VSQEASQIVCKTPPY 58 

Query: 1043 QS PGS API I IN INRAQLTNPE VKYN YT 1069 

+11+ ++++ |++ | + | 
Sbjct: 59 ANGGPQPVTVSLDGGGLSSSPVTFTYV 85 



Table 12H. Domain Analysis of NOV12 

gnll Pfamlpfam01833 , TIG, IPT/TIG domain. This family consists of a 

domain that has an immunoglobulin like fold. These domains are found 

in cell surface receptors such as Met and Ron as well as in 

intracellular transcription factors where it is involved in DNA 

binding. (SEQ ID NO:115) 

CD-Length « 85 residues, 100.0% aligned 

Score =60.1 bits (144), Expect - le-09 



Query: 88 6 PKILKLSPETGPRQGGTRLTITGENLGLRFEDVRLGVRVGKVLCSPVESEYISAEQIVCE 945 

I I +11 +11 III +1111 III +11 III 1111+ 
Sb j ct : 1 PVITSISPSSGPLSGGTEITITGSNLGS GEDIKVTFGGTECDWSQEA SQIVCK 54 

Query: 946 I G DAS S VRAHD ALVE VC VRDC SPH YRAL S PKRFT FV 981 

++ I + I II ll+l 

Sbjct: 55 TPPYANGGPQPVTVSLDGGGLSS SPVTFTYV 85 



Table 121. Domain Analysis of NOV12 

gnl ) Pf am| pf am01833 , TIG, IPT/TIG domain. This family consists of a 

domain that has an immunoglobulin like fold. These domains are found 

in cell surface receptors such as Met and Ron as well as in 

intracellular transcription factors where it is involved in DNA 

binding. (SEQ ID NO: 115) 

CD- Length = 85 residues, 100.0% aligned 

Score = 46.6 bits (109), Expect « le-05 



Query: 1173 PVLEPLSPTGLLELKPSSPLILKGRNLLPPAPGNSRLNYTVLIGSTPCTLT-VSETQLLC 1231 

I 1+ +1 1+ I + + + I I I I + | 111+ +I++I 

Sbjct: 1 PVITSISPSSG-PLSGGTEITITGSNL G SGEDIKVT FGGTE CD WS QEAS QIVC 53 

Query: 1232 EAPNLTGQH KVT VRAGGFE FS PGTLQVY 1259 

+1 I++ II II I 

Sbjct: 54 KTPPYANGGPQPVTVSLDGGGLSS SPVTFTYV 85 



Table 12 J. Domain Analysis of NOV12 

gnl 1 Smart \ smartOO 4 2 9 , IPT, ig-like, plexins, transcription factors 
(SEQ ID NO: 116) 

CD-Length = 93 residues, 100.0% aligned 
Score =70.9 bits (172), Expect - 6e-13 



Query : 88S DPKILKLSPETGPRQGGTRLTITGENLGLRFEDVRLGVRVGKVLCSPVESEYISAEQIVC 944 

II I ++II +|| UM + I+ | + || | + | || + | |+ + |+ | in 

Sbjct: 1 DPVITRISPNSGPLSGGTRITLCGKNLDS-ISWFVEVGVGEVPCTFLPSDV-SQTAIVC 58 



137 



WO 02/057450 



PCTYUS01/48922 



Query: 945 E I GDAS S VRAHDALVEVCVRDCS PH YRALS PKRFTFV 981 

+ 111+ I ll+l 

Sbjct: 59 KTP-PYHNIPGSVPVRVEVGLRNGGVPG-EPSPFTYV 93 

5 



Table 12K. Domain Analysis of NOV12 

gnl | Pfamlpfam01437 , Plexin_repeat, Plexin repeat. A cysteine rich 
repeat found in several different extracellular receptors. The 
function of the repeat is unknown. Three copies of the repeat are 
found Plexin. Two copies of the repeat are found in mahogany protein. 
A related C. elegans protein contains four copies of the repeat. The 
Met receptor contains a single copy of the repeat. The Pfam alignment 
shows 6 conserved cysteine residues that may form three conserved 
disulphide bridges. (SEQ ID NO: 117) 
CD-Length = 48 residues, 100.0% aligned 
Score « 59.3 bits (142), Expect - 2e-09 



Query : 532 SCVQYTSCELCLGSRDPHCGWCVLHSMCSRRDACERADEPQRFAADLLQCV 582 
+ 11 + 111 I I + I I I I I I 1 + 1 + I I + ++ I 
10 Sbjct: 1 NCSQHTSCGSCLSAPDPGCGWCPSRKRCTRLEECSR GEGWSQSQETCP 48 



Table 12L. Domain Analysis of NOV12 

gnl|Pfam)pfam01437 , Plexin_repeat, Plexin repeat. A cysteine rich 
repeat found in several different extracellular receptors. The 
function of the repeat is unknown. Three copies of the repeat are 
found Plexin. Two copies of the repeat are found in mahogany protein. 
A related C. elegans protein contains four copies of the repeat. The 
Met receptor contains a single copy of the repeat. The Pfam alignment 
shows 6 conserved cysteine residues that may form three conserved 
disulphide bridges. (SEQ ID NO: 117) 
CD-Length =48 residues, 100.0% aligned 
Score - 53.5 bits (127), Expect = le-07 



15 Query:. 681 NCSVHQSSCLSCVNGSFP-CHWCKYRHVCTHNVADCAFLEGRVNVSEDCP 729 
111 I I I II++ I 1 II ) I) +)+ II 1 |j 

Sb j ct : 1 NCSQHTS-CGSCLSAPDPGCGWCPSRKRCTRL-EECSRGEGWSQSQETCP 4 8 



Table 12M. Domain Analysis of NOV12 

gnl 1 Pf ami pf am01437 , Plexinjrepeat, Plexin repeat. A cysteine rich 
repeat found in several different extracellular receptors. The 
function of the repeat is unknown. Three copies of the repeat are 
found Plexin. Two copies of the repeat are found in mahogany protein. 
A related C. elegans protein contains four copies of the repeat. The 
Met receptor contains a single copy of the repeat. The Pfam alignment 
shows 6 conserved cysteine residues that may form three conserved 
disulphide bridges. (SEQ ID NO: 117) 
CD-Length « 48 residues, 89.6% aligned 
Score - 46.2 bits (108), Expect - 2e-05 

20 : ~ ~~ 
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Query: 835 RE S CGL CLKADPRFECGW CVAERRC S LRHHCAADT PAS WMHARHG S SRC 883 

III 11 I I Mil + +11+ I + ' „ 

Sbjct : 5 HTSCGSCLSA-PDPGCGWCPSRKRCTRLEEC SRGEGWSQSQETC 47 



Table 12N. Domain Analysis of N0V12 

qnl 1 Smart 1 smart00423 , PSI, domain found in Plexins, Semaphorins and 

Integrins (SEQ ID NO: 118) 

CD-Length » 47 residues, 89.4% aligned 

Score = 44.3 bits (103), Expect « 6e-05 



Query: 833 ALRESCGLCLKAD PR FECGWCVAERRCS LRHHCAADT PA SWMHA 876 

+ II II I + I II ++ 11+ I + +1 
Sb j Ct : 3 SAYTSCSECLLARDPY-CAWCSSQGRCTSGERCDS-LRQNWSSG 4 4 

Plexin is a type I membrane protein which was identified in Xenopus nervous system 
by hybridoma technique. Molecular cloning studies demonstrated that the extracellular 
segment of the plexin protein possesses three internal repeats of cysteine cluster which are 
homologous to the cysteine-rich domain of the c-met proto-oncogene protein product. A cell 
aggregation test revealed that the plexin protein mediated cell adhesion via a homophilic 
binding mechanism, in the presence of calcium ions. Plexin was expressed in the neuronal 
elements composing particular neuron circuits in Xenopus CNS and PNS. these findings 
indicate that plexin is a new member of the Ca(2+)-dependent cell adhSsion molecules, and 
suggest that the molecule plays an important role in neuronal cell contact and neuron network 
formation. 

In the developing nervous system axons navigate with great precision over large 
distances to reach their target areas. Chemorepulsive signals such as the semaphorins play an 
essential role in this process. The effects of one of these repulsive cues, semaphorin 3 A 
(Sema3A), are mediated by the membrane protein neuropilin-1 (Npn-1). Recent work has 
shown that neuropilin-1 is essential but not sufficient to form functional Sema3A receptors 
and indicates that additional components are required to transduce signals from the cell surface 
to the cytoskeleton. Members of the plexin family interact with the neuropilins and act as co- 
receptors for Sema3 A. Neuropilin/plexin interaction restricts the binding specificity of 
neuropilin-1 and allows the receptor complex to discriminate between two different 
semaphorins. Deletion of the highly conserved cytoplasmic domain of Plexin-Al or -A2 
creates a dominant negative Sema3 A receptor that renders sensory axons resistant to the 
repulsive effects of Sema3A when expressed in sensory ganglia. These data suggest that 
functional semaphorin receptors contain plexins as signal-transducing and neuropilins as 
ligand-binding subunits. 
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Physiologic SEMA3A receptors consist of NRP1/PLXN1 complexes. Two 
semaphorin-binding proteins, plexin-1 (PLXN1) and neuropilin-1 (NRP1; 602069), form a 
stable complex. While SEMA3A binding to NRP1 does not alter nonneuronal cell 
morphology, SEMA3A interaction withNRPl/PLXNl complexes induces adherent cells to 
5 round up. Expression of a dominant-negative PLXN1 in sensory neurons blocked SEMA3A- 
induced growth cone collapse. SEMA3A treatment led to the redistribution of growth cone 
NRP1 andPLXNl into clusters. 

The semaphoiin family of proteins constitute one of the major cues for axonal 
guidance. The prototypic member of this family is Sema3A, previously designated semD/III or 

10 collapsin-1. Sema3A acts as a diffusible, repulsive guidance cue in vivo for the peripheral 
projections of embryonic dorsal root ganglion neurons. Sema3A binds with high affinity to 
neuropilin-1 on growth cone filopodial tips. Although neuropilin-1 is required for Sema3A 
action, it is incapable of transmitting a Sema3 A signal to the growth cone interior. Instead, the 
S ema3 A/neuropilin- 1 complex interacts with another transmembrane protein, plexin, on the 

15 surface of growth cones. Certain semaphoring other than Sema3A, can bind directly to 

plexins. The intracellular domain of plexin is responsible for initiating the signal transduction 
cascade leading to growth cone collapse, axon repulsion, or growth cone turning. This 
intracellular cascade involves the monomelic G-protein, Racl, and a family of neuronal 
proteins, the CRMPs. Racl is likely to be involved in semaphorin-induced rearrangements of 

20 the actin cytoskeleton, but how plexin controls Racl activity is not known. Vertebrate CRMPs 
are homologous to the Caenorhabditis elegans unc-33 protein, which is required for proper 
axon morphology in worms. CRMPs are essential for Sema3 A-induced, neuropilin-plexin- 
mediated growth cone collapse, but the molecular interactions of growth cone CRMPs are not 
well defined. Mechanistic aspects of plexin-based signaling for semaphorin guidance cues 

25 may have implications for other axon guidance events and for the basis of growth cone 
motility. 

In Drosophila, plexin A is a functional receptor for semaphorin- la. The human plexin 
gene family comprises at least nine members in four subfamilies. Plexin-Bl is a receptor for 
the transmembrane semaphorin Sema4D (CD100), and plexin-Cl is a receptor for the GPI- 
30 anchored semaphorin Sema7A (Sema-Kl). Secreted (class 3) semaphorins do not bind directly 
to plexins, but rather plexins associate with neuropilins, coreceptors for these semaphorins. 
Plexins are widely expressed: in neurons, the expression of a truncated plexin-Al protein 
blocks axon repulsion by Sema3 A. The cytoplasmic domain of plexins associates with a 
tyrosine kinase activity. Plexins may also act as ligands mediating repulsion in epithelial cells 
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in vitro. Thus, plexins are receptors for multiple (and perhaps all) classes of semaphores, 

either alone or in combination with neuropilins, and trigger a novel signal transduction 

pathway controlling cell repulsion. 

In addition, recent studies have identified semaphorins and their receptors as putative 
5 molecular cues involved in olfactory pathfinding, plasticity and regeneration. The semaphorins 
comprise a large family of secreted and transmembrane axon guidance proteins, being either 
repulsive or attractive in nature. Neuropilins were shown to serve as receptors for secreted 
class 3 semaphorins, whereas members of the plexin family are receptors for class 1 and V 
(viral) semaphorins. 

1 0 The disclosed NOV12 nucleic acid of the invention encoding a Plexin-l-like protein 

includes the nucleic acid whose sequence is provided in Table 12A or a fragment thereof. The 
invention also includes a mutant or variant nucleic acid any of whose bases may be changed 
from the corresponding base shown in Table 12A while still encoding a protein that maintains 
its Plexin-l-like activities and physiological functions, or a fragment of such a nucleic acid. 

1 5 The invention further includes nucleic acids whose sequences are complementary to those just 
described, including nucleic acid fragments that are complementary to any of the nucleic acids 
just described. The invention additionally includes nucleic acids or nucleic acid fragments, or 
complements thereto, whose structures include chemical modifications. Such modifications 
include, by way of nonlimiting example, modified bases, and nucleic acids whose sugar 

20 phosphate backbones are modified or derivatized. These modifications are carried out at least 
in part to enhance the chemical stability of the modified nucleic acid, such that they may be 
used, for example, as antisense binding nucleic acids in therapeutic applications in a subject. 
In the mutant or variant nucleic acids, and their complements, up to about 29 percent of the 
bases may be so changed. 

25 The disclosed NOV12 protein of the invention includes the Plexin-l-like protein whose 

sequence is provided in Table 12B. The invention also includes a mutant or variant protein 
any of whose residues may be changed from the corresponding residue shown in Table 12B, 
while still encoding a protein that maintains its Plexin-l-like activities and physiological 
functions, or a functional fragment thereof. In the mutant or variant protein, up to about 29 

30 percent of the residues may be so changed. 

The protein similarity information, expression pattern, and map location for the plexin- 
l-like protein and the NOV12 protein disclosed herein suggest that this plexin-l-like protein 
may have important structural and/or physiological functions characteristic of the mannosidase 
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protein family. Therefore, the nucleic acids and proteins of the invention are useful in potential 
diagnostic and therapeutic applications and as a research tool. These applications include 
serving as a specific or selective nucleic acid or protein diagnostic and/or prognostic marker, 
wherein the presence or amount of the nucleic acid or the protein are to be assessed, as well as 
5 potential therapeutic applications such as the following: (i) a protein therapeutic, (ii) a small 
molecule drug target, (iii) an antibody target (therapeutic, diagnostic, drug targeting/cytotoxic 
antibody), (iv) a nucleic acid useful in gene therapy (gene delivery/gene ablation), and (v) a 
composition promoting tissue regeneration in vitro and in vivo (vi) biological defense weapon. 

The NOV12 nucleic acids and proteins of the invention are useful in potential 

10 diagnostic and therapeutic applications implicated in various diseases and disorders described 
below and/or other pathologies. For example, the compositions of the present invention will 
have efficacy for treatment of patients suffering from ADDS, cancer therapy, treatment of 
Neurologic diseases, Brain and/or autoimmune disorders like encephalomyelitis, 
neurodegenerative disorders, Alzheimer's Disease, Parkinson's Disorder, immune disorders, 

1 5 and hematopoietic disorders, endocrine diseases, muscle disorders, inflammation and wound 
repair, bacterial, fungal, protozoal and viral infections (particularly infections caused by HIV- 
1 or HIV-2), pain, cancer (including but not limited to Neoplasm; adenocarcinoma; 
lymphoma; prostate cancer; uterus cancer), anorexia, bulimia, asthma, Parkinson's disease, 
acute heart failure, hypotension, hypertension, urinary retention, osteoporosis, Crohn's disease; 

20 multiple sclerosis; and Treatment of Albright Hereditary Ostoeodystrophy, angina pectoris, 
myocardial infarction, ulcers, asthma, allergies, benign prostatic hypertrophy, and psychotic 
and neurological disorders, including anxiety, schizophrenia, manic depression, delirium, 
dementia, severe mental retardation and dyskinesias, such as Huntington's disease or Gilles de 
la Tourette syndrome, and/or other pathologies/disorders. The NOV12 nucleic acid, or 

25 fragments thereof, may further be useful in diagnostic applications, wherein the presence or 
amount of the nucleic acid or the protein are to be assessed. 

NOV12 nucleic acids and polypeptides are further useful in the generation of 
antibodies that bind immunospecifically to the novel substances of the invention for use in 
therapeutic or diagnostic methods. These antibodies may be generated according to methods 

30 known in the art, using prediction from hydrophobicity charts, as described in the "Anti- 

NOVX Antibodies" section below. For example the disclosed NOV12 protein have multiple 
hydrophilic regions, each of which can be used as an immunogen. This novel protein also has 
value in development of powerful assay system for functional analysis of various human 
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disorders, which will help in understanding of pathology of the disease and development of 
new drug targets for various disorders. 



NOVX Nucleic Acids and Polypeptides 

One aspect of the invention pertains to isolated nucleic acid molecules that encode 
NOVX polypeptides or biologically active portions thereof. Also included in the invention are 
nucleic acid fragments sufficient for use as hybridization probes to identify NOVX-encoding 
nucleic acids {e.g., NOVX mRNAs) and fragments for use as PCR primers for the 
amplification and/or mutation of NOVX nucleic acid molecules. As used herein, the term 
"nucleic acid molecule" is intended to include DNA molecules {e.g., cDNA or genomic 
DNA), RNA molecules (e.g., mRNA), analogs of the DNA or RNA generated using 
nucleotide analogs, and derivatives, fragments and homologs thereof. The nucleic acid 
molecule maybe single-stranded or double-stranded, but preferably is comprised double- 
stranded DNA. 

An NOVX nucleic acid can encode a mature NOVX polypeptide. As used herein, a 
"mature" form of a polypeptide or protein disclosed in the present invention is the product of a 
naturally occurring polypeptide or precursor form or proprotein. The naturally occurring 
polypeptide, precursor or proprotein includes, by way of nonlimiting example, the full-length 
gene product, encoded by the corresponding gene. Alternatively, it may be defined as the 
polypeptide, precursor or proprotein encoded by an ORF described herein. The product 
"mature" form arises, again by way of nonlimiting example, as a result of one or more 
naturally occurring processing steps as they may take place within the cell, or host cell, in 
which the gene product arises. Examples of such processing steps leading to. a "mature" form 
of a polypeptide or protein include the cleavage of the N-terminal methionine residue encoded 
by the initiation codon of an ORF, or the proteolytic cleavage of a signal peptide or leader 
sequence. Thus a mature form arising from a precursor polypeptide or protein that has 
residues 1 to N, where residue 1 is the N-tenninal methionine, would have residues 2 through 
N remaining after removal of the N-terminal methionine. Alternatively, a mature form arising 
from a precursor polypeptide or protein having residues 1 to N, in which an N-terminal signal 
sequence from residue 1 to residue M is cleaved, would have the residues from residue M+l to 
residue N remaining. Further as used herein, a "mature" form of a polypeptide or protein may 
arise from a step of post-translational modification other than a proteolytic cleavage event. 
Such additional processes include, by way of non-limiting example, glycosylation, 
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myristoylation or phosphorylation. In general, a mature polypeptide or protein may result 
from the operation of only one of these processes, or a combination of any of them. 

The term "probes", as utilized herein, refers to nucleic acid sequences of variable 
length, preferably between at least about 10 nucleotides (nt), 100 nt, or as many as 
approximately, e.g., 6,000 nt, depending upon the specific use. Probes are used in the 
detection of identical, similar, or complementary nucleic acid sequences. Longer length 
probes are generally obtained from a natural or recombinant source, are highly specific, and 
much slower to hybridize than shorter-length oligomer probes. Probes may be single- or 
•double-stranded and designed to have specificity in PGR, membrane-based hybridization 
technologies, or ELISA-like technologies. 

The term "isolated" nucleic acid molecule, as utilized herein, is one, which is separated 
from other nucleic acid molecules which are present in the natural source of the nucleic acid. 
Preferably, an "isolated" nucleic acid is free of sequences which naturally flank the nucleic 
acid (i.e. , sequences located at the 5'- and ^-termini of the nucleic acid) in the genomic DNA 
of the organism from which the nucleic acid is derived. For example, in various embodiments, 
the isolated NOVX nucleic acid molecules can contain less than about 5 kb, 4 kb, 3 kb, 2 kb, 1 
kb, 0.5 kb or 0.1 kb of nucleotide sequences which naturally flank the nucleic acid molecule in 
genomic DNA of the cell/tissue from which the nucleic acid is derived (e.g, brain, heart, liver, 
spleen, etc.). Moreover, an "isolated" nucleic acid molecule, such as a cDNA molecule, can 
be substantially free of other cellular material or culture medium when produced by 
recombinant techniques, or of chemical precursors or other chemicals when chemically 
synthesized. 

A nucleic acid molecule of the invention, e.g., a nucleic acid molecule having the 
nucleotide sequence SEQ ID NOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 31, 
or a complement of this aforementioned nucleotide sequence, can be isolated using standard 
molecular biology techniques and the sequence information provided herein. Using all or a 
portion of the nucleic acid sequence of SEQIDNOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 
25, 27, 29, and 3 1 as a hybridization probe, NOVX molecules can be isolated using standard 
hybridization and cloning techniques (e.g, as described in Sambrook, et al, (eds.), 
Molecular Cloning: A Laboratory Manual 2 nd Ed., Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY, 1989; and Ausubel, et al, (eds.), CURRENT PROTOCOLS IN 
Molecular Biology, John Wiley & Sons, New York, NY, 1993.) 

A nucleic acid of the invention can be amplified using cDNA, mRNA or alternatively, 
genomic DNA as a template and appropriate oligonucleotide primers according to standard 
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PCR amplification techniques. The nucleic acid so amplified can be cloned into an 
appropriate vector and characterized by DNA sequence analysis. Furthermore, 
oligonucleotides corresponding to NOVX nucleotide sequences can be prepared by standard 
synthetic techniques, e.g., using an automated DNA synthesizer. 
5 As used herein, the term "oligonucleotide" refers to a series of linked nucleotide 

residues, which oligonucleotide has a sufficient number of nucleotide bases to be used in a 
PCR reaction. A short oligonucleotide sequence may be based on, or designed from, a 
genomic or cDNA sequence and is used to amplify, confirm, or reveal the presence of an 
identical, similar or complementary DNA or RNA in a particular cell or tissue. 

10 Oligonucleotides comprise portions of a nucleic acid sequence having about 10 nt, 50 nt, or 
100 nt in length, preferably about 1 5 nt to 30 nt in length. In one embodiment of the 
invention, an oligonucleotide comprising a nucleic acid molecule less than 100 nt in length 
would further comprise at least 6 contiguous nucleotides SEQ ID NOS:l, 3, 5, 7, 9, 1 1, 13, 15, 
17, 19, 21, 23, 25, 27, 29, and 31, or a complement thereof. Oligonucleotides may be 

15 chemically synthesized and may also be used as probes. 

In another embodiment, an isolated nucleic acid molecule of the invention comprises a 
nucleic acid molecule that is a complement of the nucleotide sequence shown in SEQ DD 
NOS:l,3, 5, 7, 9, 11, 13, 15, 17, 19,21,23,25, 27, 29, and 31, or a portion of this nucleotide 
sequence (e.g., a fragment that can be used as a probe or primer or a fragment encoding a 

20 biologically-active portion of an NOVX polypeptide). A nucleic acid molecule that is 

complementary to the nucleotide sequence shown SEQ IDNOSrl, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, or 31 is one that is sufficiently complementary to the nucleotide 
sequence shown SEQ ID NOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, or 31 that it 
can hydrogen bond with little or no mismatches to the nucleotide sequence shown SEQ ID 

25 NOS.l, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 31, thereby forming a stable 
duplex. 

As used herein, the term "complementary" refers to Watson-Crick or Hoogsteen base 
pairing between nucleotides units of a nucleic acid molecule, and the term <s binding" means 
the physical or chemical interaction between two polypeptides or compounds or associated 
30 polypeptides or compounds or combinations thereof. Binding includes ionic, non-ionic, van 
der Waals, hydrophobic interactions, and the like. A physical interaction can be either direct 
or indirect. Indirect interactions may be through or due to the effects of another polypeptide or 
compound. Direct binding refers to interactions that do not take place through, or due to, the 
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effect of another polypeptide or compound, but instead are without other substantial chemical 

intermediates. 

Fragments provided herein are defined as sequences of at least 6 (contiguous) nucleic 
acids or at least 4 (contiguous) amino acids, a length sufficient to allow for specific 
5 hybridization in the case of nucleic acids or for specific recognition of an epitope in the case of 
amino acids, respectively, and are at most some portion less than a full length sequence. 
Fragments may be derived from any contiguous portion of a nucleic acid or amino acid 
sequence of choice. Derivatives are nucleic acid sequences or amino acid sequences formed 
from the native compounds either directly or by modification or partial substitution. Analogs 

10 are nucleic acid sequences or amino acid sequences that have a structure similar to, but not 
identical to, the native compound but differs from it in respect to certain components or side 
chains. Analogs may be synthetic or from a different evolutionary origin and may have a 
similar or opposite metabolic activity compared to wild type. Homologs are nucleic acid 
sequences or amino acid sequences of a particular gene that are derived from different species. 

1 5 Derivatives and analogs may be full length or other than full length, if the derivative or 

analog contains a modified nucleic acid or amino acid, as described below. Derivatives or 
analogs of the nucleic acids or proteins of the invention include, but are not limited to, 
molecules comprising regions that are substantially homologous to the nucleic acids or 
proteins of the invention, in various embodiments, by at least about 70%, 80%, or 95% 

20 identity (with a preferred identity of 80-95%) over a nucleic acid or amino acid sequence of 
identical size or when compared to an aligned sequence in which the alignment is done by a 
computer homology program known in the art, or whose encoding nucleic acid is capable of 
hybridizing to the complement of a sequence encoding the aforementioned proteins under 
stringent, moderately stringent, or low stringent conditions. See e.g. Ausubel, et ah, Current 

25 Protocols in Molecular Biology, John Wiley & Sons, New York, NY, 1 993, and below. 

A "homologous nucleic acid sequence" or '^homologous amino acid sequence," or 
variations thereof, refer to sequences characterized by a homology at the nucleotide level or 
amino acid level as discussed above. Homologous nucleotide sequences encode those 
sequences coding for isoforms of NOVX polypeptides. Isoforms can be expressed in different 

30 tissues of the same organism as a result of, for example, alternative splicing of RNA. 

Alternatively, isoforms can be encoded by different genes. In the invention, homologous 
nucleotide sequences include nucleotide sequences encoding for an NOVX polypeptide of 
species other than humans, including, but not limited to: vertebrates, and thus can include, e.g., 
frog, mouse, rat, rabbit, dog, cat cow, horse, and other organisms. Homologous nucleotide 
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sequences also include, but are not limited to, naturally occurring allelic variations and 
mutations of the nucleotide sequences set forth herein. A homologous nucleotide sequence 
does not, however, include the exact nucleotide sequence encoding human NOVX protein. 
Homologous nucleic acid sequences include those nucleic acid sequences that encode 
5 conservative amino acid substitutions (see below) in SEQ ID NOS:l, 3, 5, 7, 9, 1 1, 13, 15, 17, 
19, 21, 23, 25, 27, 29, and 31, as well as a polypeptide possessing NOVX biological activity. 
Various biological activities of the NOVX proteins are described below. 

An NOVX polypeptide is encoded by the open reading frame ("ORF") of an NOVX 
nucleic acid. An ORF corresponds to a nucleotide sequence that could potentially be translated 

10 into a polypeptide. A stretch of nucleic acids comprising an ORF is uninterrupted by a stop 
codon. An ORF that represents the coding sequence for a full protein begins with an ATG 
"start" codon and terminates with one of the three "stop" codons, namely, TAA, TAG, or 
TGA. For the purposes of this invention, an ORF may be any part of a coding sequence, with 
or without a start codon, a stop codon, or both. For an ORF to be considered as a good 

15 candidate for coding for a bona fide cellular protein, a minimum size requirement is often set, 
e.g., a stretch of DNA that would encode a protein of 50 amino acids or more. 

The nucleotide sequences determined from the cloning of the human NOVX genes 
allows for the generation of probes and primers designed for use in identifying and/or cloning 
NOVX homologues in other cell types, e.g. from other tissues, as well as NOVX homologues 

20 from other vertebrates. The probe/primer typically comprises substantially purified 

oligonucleotide. The oligonucleotide typically comprises a region of nucleotide sequence that 
hybridizes under stringent conditions to at least about 12, 25, 50, 100, 150, 200, 250, 300, 350 
or 400 consecutive sense strand nucleotide sequence SEQ ID NOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, or 31; or an anti-sense strand nucleotide sequence of SEQ ID NOS:l, 3, 

25 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, or 31; or of a naturally occurring mutant of SEQ 
ID NOSrl, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 31. 

Probes based on the human NOVX nucleotide sequences can be used to detect 
transcripts or genomic sequences encoding the same or homologous proteins. In various 
embodiments, the probe further comprises a label group attached thereto, e.g. the label group 

30 can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor. Such 

probes can be used as a part of a diagnostic test kit for identifying cells or tissues which mis- 
express an NOVX protein, such as by measuring a level of an NOVX-encoding nucleic acid in 
a sample of cells from a subject e.g., detecting NOVX mRNA levels or determining whether a 
genomic NOVX gene has been mutated or deleted. 
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"A polypeptide having a biologically-active portion of an NOVX polypeptide" refers 
to polypeptides exhibiting activity similar, but not necessarily identical to, an activity of a 
polypeptide of the invention, including mature forms, as measured in a particular biological 
assay, with or without dose dependency. A nucleic acid fragment encoding a "biologically- 
r active portion of NOVX" can be prepared by isolating a portion SEQ ID NOS:l, 3, 5, 7, 9, 1 1, 
13, 15, 17, 19, 21, 23, 25, 27, 29, or 31, that encodes a polypeptide having an NOVX 
biological activity (the biological activities of the NOVX proteins are described below), 
expressing the encoded portion of NOVX protein (e.g., by recombinant expression in vitro) 
and assessing the activity of the encoded portion of NOVX. 

NOVX Nucleic Acid and Polypeptide Variants 

The invention further encompasses nucleic acid molecules that differ from the 
nucleotide sequences shown in SEQ ID NOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 
29, and 3 1 due to degeneracy of the genetic code and thus encode the same NOVX proteins as 
that encoded by the nucleotide sequences shown in SEQ ID NOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, and 31. In another embodiment, an isolated nucleic acid molecule of 
the invention has a nucleotide sequence encoding a protein having an amino acid sequence 
shown in SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32. 

In addition to the human NOVX nucleotide sequences shown in SEQ ID NOS:l, 3, 5, 
7, 9, 11, 13, 15, 17, 19,21,23, 25, 27, 29, and 31, it will be appreciated by those skilled in the 
art that DNA sequence polymorphisms that lead to changes in the amino acid sequences of the 
NOVX polypeptides may exist within a population (e.g. , the human population). Such genetic 
polymorphism in the NOVX genes may exist among individuals within a population due to 
natural allelic variation. As used herein, the terms "gene" and "recombinant gene" refer to 
nucleic acid molecules comprising an open reading frame (ORF) encoding an NOVX protein, 
preferably a vertebrate NOVX protein. Such natural allelic variations can typically result in 
1-5% variance in the nucleotide sequence of the NOVX genes. Any and all such nucleotide 
variations and resulting amino acid polymorphisms in the NOVX polypeptides, which are the 
result of natural allelic variation and that do not alter the functional activity of the NOVX 
polypeptides, are intended to be within the scope of the invention. 

Moreover, nucleic acid molecules encoding NOVX proteins from other species, and 
thus that have a nucleotide sequence that differs from the human SEQ ID NOS:l, 3, 5, 7, 9, 
11,13, 15, 17, 19, 21, 23, 25, 27, 29, and 31 are intended to be within the scope of the 
invention. Nucleic acid molecules corresponding to natural allelic variants and homologues of 
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the NOVX cDNAs of the invention can be isolated based on their homology to the human 
NOVX nucleic acids disclosed herein using the human cDNAs, or a portion thereof, as a 
hybridization probe according to standard hybridization techniques under stringent 
hybridization conditions. 
5 Accordingly, in another embodiment, an isolated nucleic acid molecule of the 

invention is at least 6 nucleotides in length and hybridizes under stringent conditions to the 
nucleic acid molecule comprising the nucleotide sequence of SEQ ID NOS:l, 3, 5, 7, 9, 1 1, 
13, 15, 17, 19, 21, 23, 25, 27, 29, and 31. In another embodiment, the nucleic acid is at least 
10, 25, 50, 100, 250, 500, 750, 1000, 1500, or 2000 or more nucleotides in length. In yet 

10 another embodiment, an isolated nucleic acid molecule of the invention hybridizes to the 

coding region. As used herein, the term "hybridizes under stringent conditions" is intended to 
describe conditions for hybridization and washing under which nucleotide sequences at least 
60% homologous to each other typically remain hybridized to each other. 

Homologs (i.e., nucleic acids encoding NOVX proteins derived from species other 

1 5 than human) or other related sequences (e.g., paraiogs) can be obtained by low, moderate or 
high stringency hybridization with all or a portion of the particular human sequence as a probe 
using methods well known in the art for nucleic acid hybridization and cloning. 

As used herein, the phrase "stringent hybridization conditions" refers to conditions 
under which a probe, primer or oligonucleotide will hybridize to its target sequence, but to no 

20 other sequences. Stringent conditions are sequence-dependent and will be different in 

different circumstances. Longer sequences hybridize specifically at higher temperatures than 
shorter sequences. Generally, stringent conditions are selected to be about 5 °C lower than the 
thermal melting point (Tm) for the specific sequence at a defined ionic strength and pH. The 
Tm is the temperature (under defined ionic strength, pH and nucleic acid concentration) at 

25 which 50% of the probes complementary to the target sequence hybridize to the target 

sequence at equilibrium. Since the target sequences are generally present at excess, at Tm, 
50% of the probes are occupied at equilibrium. Typically, stringent conditions will be those in 
which the salt concentration is less than about 1.0 M sodium ion, typically about 0.01 to 1.0 M 
sodium ion (or other salts) at 

30 pH 7.0 to 8.3 and the temperature is at least about 30°C for short probes, primers or 

oligonucleotides (e.g., 10 nt to 50 nt) and at least about 60°C for longer probes, primers and 
oligonucleotides. Stringent conditions may also be achieved with the addition of destabilizing 
agents, such as formamide. 
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Stringent conditions are known to those skilled in the art and can be found in Ausubel, 
et al, (eds.), CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons, N.Y. 
(1989), 6.3.1-6.3.6. Preferably, the conditions are such that sequences at least about 65%, 
70%, 75%, 85%, 90%, 95%, 98%, or 99% homologous to each other typically remain 
5 hybridized to each other, A non-limiting example of stringent hybridization conditions are 
hybridization in a high salt buffer comprising 6X SSC, 50 mM Tris-HCl (pH 7.5), 1 mM 
EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 mg/ml denatured salmon sperm DNA 
at 65°C, followed by one or more washes in 0.2X SSC, 0.01% BSA at 50°C. An isolated 
nucleic acid molecule of the invention that hybridizes under stringent conditions to the 

10 sequences SEQ ID NOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 31, 
corresponds to a naturally-occurring nucleic acid molecule. As used herein, a 
"naturally-occurring" nucleic acid molecule refers to an RNA or DNA molecule having a 
nucleotide sequence that occurs in nature (e.g. 9 encodes a natural protein). 

In a second embodiment, a nucleic acid sequence that is hybridizable to the nucleic 

15 acid molecule comprising the nucleotide sequence of SEQ ID NOSrl, 3, 5, 7, 9, 11, 13', 15, 17, 
19, 21, 23, 25, 27, 29, and 31, or fragments, analogs or derivatives thereof, under conditions of 
moderate stringency is provided. A non-limiting example of moderate stringency 
hybridization conditions are hybridization in 6X SSC, 5X Denhardt's solution, 0.5% SDS and 
100 mg/ml denatured salmon sperm DNA at 55°C, followed by one or more washes in 

20 IX SSC, 0. 1% SDS at 37°C. Other conditions of moderate stringency that may be used are 
well-known within the art. See, e.g., Ausubel, et al (eds.), 1993, Current Protocols in 
Molecular Biology, John Wiley & Sons, NY, and Kriegler, 1990; Gene Transfer and 
Expression, A Laboratory Manual, Stockton Press, NY. 

In a third embodiment, a nucleic acid that is hybridizable to the nucleic acid molecule 

25 comprising the nucleotide sequences SEQ ID NOS:l, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23, 25, 
27, 29, and 31, or fragments, analogs or derivatives thereof, under conditions of low 
stringency, is provided. A non-limiting example of low stringency hybridization conditions 
are hybridization in 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 
0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 mg/ml denatured salmon sperm DNA, 10% 

30 (wt/vol) dextran sulfate at 40°C, followed by one or more washes in 2X SSC, 25 mM Tris-HCl 
(pH 7.4), 5 mM EDTA, and 0.1% SDS at 50°C. Other conditions of low stringency that may 
be used are well known in the art (e.g., as employed for cross-species hybridizations). See, 
e.g, Ausubel, etal (eds.), 1993, Current Protocols in Molecular Biology, John Wiley 
& Sons, NY, and Kriegler, 1990, Gene Transfer and Expression, A Laboratory 
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Manual, Stockton Press, NY; Shilo and Weinberg, 1981. Proc Natl Acad Sci USA 78: 
6789-6792. 



Conservative Mutations 
5 In addition to naturally-occurring allelic variants of NOVX sequences that may exist in 

the population, the skilled artisan will further appreciate that changes can be introduced by 
mutation into the nucleotide sequences SEQ ID NOSrl, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23, 
25, 27, 29, and 31, thereby leading to changes in the amino acid sequences of the encoded 
NOVX proteins, without altering the functional ability of said NOVX proteins. For example, 

10 nucleotide substitutions leading to amino acid substitutions at "non-essential" amino acid 
residues can be made in the sequence SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 
26, 28, 30, or 32. A "non-essential" amino acid residue is a residue that can be altered from 
the wild-type sequences of the NOVX proteins without altering their biological activity, 
whereas an "essential" amino acid residue is required for such biological activity. For 

1 5 example, amino acid residues that are conserved among the NOVX proteins of the invention 
are predicted to be particularly non-amenable to alteration. Amino acids for which 
conservative substitutions can be made are well-known within the art. 

Another aspect of the invention pertains to nucleic acid molecules encoding NOVX 
proteins that contain changes in amino acid residues that are not essential for activity. Such 

20 NOVX proteins differ in amino acid sequence from SEQ ID NOS:l, 3, 5, 7, 9, 11,13, 15, 17, 
19, 21, 23, 25, 27, 29, and 31 yet retain biological activity. In one embodiment, the isolated 
nucleic acid molecule comprises a nucleotide sequence encoding a protein, wherein the protein 
comprises an amino acid sequence at least about 45% homologous to the amino acid 
sequences SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, and 32. 

25 Preferably, the protein encoded by the nucleic acid molecule is at least about 60% homologous 
to SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, and 32; more preferably at 
least about 70% homologous SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 
or 32; still more preferably at least about 80% homologous to SEQ ID NOS:2, 4, 6, 8, 10, 12, 
14, 16, 18, 20, 22, 24, 26, 28, 30, or 32; even more preferably at least about 90% homologous 

30 to SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32; and most preferably 
at least about 95% homologous to SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 
28, 30, or 32. 

An isolated nucleic acid molecule encoding an NOVX protein homologous to the 
protein of SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 can be 
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created by introducing one or more nucleotide substitutions, additions or deletions into the 
nucleotide sequence of SEQ ID NOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 
3 1, such that one or more amino acid substitutions, additions or deletions are introduced into 
the encoded protein. 

5 Mutations can be introduced into SEQ ID NOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 

25, 27, 29, and 31 by standard techniques, such as site-directed mutagenesis and 
PCR-mediated mutagenesis. Preferably, conservative amino acid substitutions are made at 
one or more predicted, non-essential amino acid residues. A "conservative amino acid 
substitution" is one in which the amino acid residue is replaced with an amino acid residue 

10 having a similar side chain. Families of amino acid residues having similar side chains have 
been defined within the art. These families include amino acids with basic side chains (e.g., 
lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged 
polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), 
nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, 

15 methionine, tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and 
aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted 
non-essential amino acid residue in the NOVX protein is replaced with another amino acid 
residue from the same side chain family. Alternatively, in another embodiment, mutations can 
be introduced randomly along all or part of an NOVX coding sequence, such as by saturation 

20 mutagenesis, and the resultant mutants can be screened for NOVX biological activity to 

identify mutants that retain activity. Following mutagenesis SEQ ID NOS: 1, 3, 5, 7, 9, 1.1, 13, 
15, 17, 19, 21, 23, 25, 27, 29, and 31, the encoded protein can be expressed by any 
recombinant technology known in the art and the activity of the protein can be determined. 
The relatedness of amino acid families may also be determined based on side chain 

25 interactions. Substituted amino acids may be fully conserved "strong" residues or fully 

conserved "weak" residues. The "strong" group of conserved amino acid residues maybe any 
one of the following groups: STA, NEQK, NHQK, NDEQ, QHRK, MILV, MELF, HY, FYW, 
wherein the single letter amino acid codes are grouped by those amino acids that may be 
substituted for each other. Likewise, the "weak" group of conserved residues may be any one 

30 of the following: CSA, ATV, SAG, STNK, STPA, SGND, SNDEQK, NDEQHK, NEQHRK, 
VLM, HFY, wherein the letters within each group represent the single letter amino acid code. 

In one embodiment, a mutant NOVX protein can be assayed for (/) the ability to form 
proteimprotein interactions with other NOVX proteins, other cell-surface proteins, or 
biologically-active portions thereof, (ti) complex formation between a mutant NOVX protein 
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and an NOVX ligand; or (Hi) the ability of a mutant NOVX protein to bind to an intracellular 
target protein or biologically-active portion thereof; (e.g. avidin proteins). 

In yet another embodiment, a mutant NOVX protein can be assayed for the ability to 
regulate a specific biological function (e.g, regulation of insulin release). 

5 Antisense Nucleic Acids 

Another aspect of the invention pertains to isolated antisense nucleic acid molecules 
that are hybridizable to or complementary to the nucleic acid molecule comprising the 
nucleotide sequence of SEQ ID NOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 
3 1, or fragments, analogs or derivatives thereof. An "antisense" nucleic acid comprises a 

10 nucleotide sequence that is complementary to a "sense" nucleic acid encoding a protein (e.g., 
complementary to the coding strand of a double-stranded cDNA molecule or complementary 
to an mRNA sequence). In specific aspects, antisense nucleic acid molecules are provided that 
comprise a sequence complementary to at least about 10, 25, 50, 100, 250 or 500 nucleotides 
or an entire NOVX coding strand, or to only a portion thereof. Nucleic acid molecules 

1 5 encoding fragments, homologs, derivatives and analogs of an NOVX protein of SEQ ID. 
NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32, or antisense nucleic acids 
complementary to an NOVX nucleic acid sequence of SEQ ID NOS:l, 3, 5, 7, 9, 11, 13, 15, 
17, 19, 21, 23, 25, 27, 29, and 31, are additionally provided. 

In one embodiment, an antisense nucleic acid molecule is antisense to a "coding 

20 region" of the coding strand of a nucleotide sequence encoding an NOVX protein. The term 
"coding region" refers to the region of the nucleotide sequence comprising codons which are 
translated into amino acid residues. In another embodiment, the antisense nucleic acid 
molecule is antisense to a "noncoding region" of the coding strand of a nucleotide sequence 
encoding the NOVX protein. The term "noncoding region" refers to 5' and 3* sequences which 

25 flank the coding region that are not translated into amino acids (i.e., also referred to as 5' and 
3' untranslated regions). 

Given the coding strand sequences encoding the NOVX protein disclosed herein, 
antisense nucleic acids of the invention can be designed according to the rules of Watson and 
Crick or Hoogsteen base pairing. The antisense nucleic acid molecule can be complementary 

30 to the entire coding region of NOVX mRNA, but more preferably is an oligonucleotide that is 
antisense to only a portion of the coding or noncoding region of NOVX mRNA. For example, 
the antisense oligonucleotide can be complementary to the region surrounding the translation 
start site of NOVX mRNA. An antisense oligonucleotide can be, for example, about 5, 10, 15, 
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20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An antisense nucleic acid of the invention 
can be constructed using chemical synthesis or enzymatic ligation reactions using procedures 
known in the art. For example, an antisense nucleic acid (e.g., an antisense oligonucleotide) 
can be chemically synthesized using naturally-occurring nucleotides or variously modified 
5 nucleotides designed to increase the biological stability of the molecules or to increase the 
physical stability of the duplex formed between the antisense and sense nucleic acids (e.g, 
phosphorothioate derivatives and acridine substituted nucleotides can be used). 

Examples of modified nucleotides that can be used to generate the antisense nucleic 
acid include: 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, 

10 xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-carboxymethyiaminomethyl- 
2-thiouridine, 5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, 
inosine, N6-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 
7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, 

15 beta-D-mannosylqueosine, S'-methoxycarboxymethyluracil, 5-methoxyuracil, 

2- methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, 
uracil-5-oxyacetic acidmethylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 

3- (3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the 
20 antisense nucleic acid can be produced biologically using an expression vector into which a 

nucleic acid has been subcloned in an antisense orientation (i.e., RNA transcribed from the 
inserted nucleic acid will be of an antisense orientation to a target nucleic acid of interest, 
described further in the following subsection). 

The antisense nucleic acid molecules of the invention are typically administered to a 

25 subj ect or generated in situ such that they hybridize with or bind to cellular mRNA and/or 

genomic DNA encoding an NOVX protein to thereby inhibit expression of the protein (e.g., by 
inhibiting transcription and/or translation). The hybridization can be by conventional 
nucleotide complementarity to form a stable duplex, or, for example, in the case of an 
antisense nucleic acid molecule that binds to DNA duplexes, through specific interactions in 

30 the major groove of the double helix. An example of a route of administration of antisense 

nucleic acid molecules of the invention includes direct injection at a tissue site. Alternatively, 
antisense nucleic acid molecules can be modified to target selected cells and then administered 
systemically. For example, for systemic administration, antisense molecules can be modified 
such that they specifically bind to receptors or antigens expressed on a selected cell surface 
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(e.g., by linking the antisense nucleic acid molecules to peptides or antibodies that bind to cell 
surface receptors or antigens). The antisense nucleic acid molecules can also be delivered to 
cells using the vectors described herein. To achieve sufficient nucleic acid molecules, vector 
constructs in which the antisense nucleic acid molecule is placed under the control of a strong 
5 pol II or pol III promoter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention is an 
a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms specific 
double-stranded hybrids with complementary RNA in which, contrary to the usual P-units, the 
strands run parallel to each other. See, e.g, Gauitier, et al, 1987. Nucl Acids Res. 15: 
1 0 6625-6641 . The antisense nucleic acid molecule can also comprise a 

2 , -o-methylribonucleotide (See, e.g., Inoue, et al 1987. Nucl. Acids Res. 15: 6131-6148) or a 
chimeric RNA-DNA analogue (See, e.g., Inoue, et al, 1987. FEES Lett. 215: 327-330. 

Ribozymes and PNA Moieties 

1 5 Nucleic acid modifications include, by way of non-limiting example, modified bases, 

and nucleic acids whose sugar phosphate backbones are modified or derivatized. These 
modifications are carried out at least in part to enhance the chemical stability of the modified 
nucleic acid, such that they may be used, for example, as antisense binding nucleic acids in 
therapeutic applications in a subject. 

20 In one embodiment, an antisense nucleic acid of the invention is a ribozyme. 

Ribozymes are catalytic RNA molecules with ribonuclease activity that are capable of 
cleaving a single-stranded nucleic acid, such as an mRNA, to which they have a 
complementary region. Thus, ribozymes (e.g., hammerhead ribozymes as described in 
Haselhoff and Gerlach 1988. Nature 334: 585-591) can be used to catalytically cleave NOVX 

25 mRNA transcripts to thereby inhibit translation of NOVX mRNA. A ribozyme having 

specificity for an NOVX-encoding nucleic acid can be designed based upon the nucleotide 
sequence of an NOVX cDNA disclosed herein (i.e., SEQ ID NOS:l, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, and 31). For example, a derivative of a Tetrahymena L-19 IVS RNA 
can be constructed in which the nucleotide sequence of the active site is complementary to the 

30 nucleotide sequence to be cleaved in an NOVX-encoding mRNA. See, e.g., U.S. Patent 

4,987,071 to Cech, et al and U.S. Patent 5,1 16,742 to Cech, et al NOVX mRNA can also be 
used to select a catalytic RNA having a specific ribonuclease activity from a pool of RNA 
molecules. See, e.g, Bartel et al, (1993) Science 261:1411-1418. 
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Alternatively, NOVX gene expression can be inhibited by targeting nucleotide 
sequences complementary to the regulatory region of the NOVX nucleic acid (e.g., the NOVX 
promoter and/or enhancers) to form triple helical structures that prevent transcription of the 
NOVX gene in target cells. See, e.g., Helene, 1991. Anticancer DmgDes. 6: 569-84; Helene, 
5 et al 1992. Ann. MY. Acad. Sci. 660: 27-36; Maher, 1992. Bioassays 14: 807-15. 

In various embodiments, the NOVX nucleic acids can be modified at the base moiety, 
sugar moiety or phosphate backbone to improve, e.g., the stability, hybridization, or solubility 
of the molecule. For example, the deoxyribose phosphate backbone of the nucleic acids can 
be modified to generate peptide nucleic acids. See, e.g., Hyrup, et al, 1996. BioorgMed 

10 Chem 4: 5-23. As used herein, the terms "peptide nucleic acids" or "PNAs" refer to nucleic 
acid mimics (e.g., DNA mimics) in which the deoxyribose phosphate backbone is replaced by 
a pseudopeptide backbone and only the four natural nucleobases are retained. The neutral 
backbone of PNAs has been shown to allow for specific hybridization to DNA and RNA under 
conditions of low ionic strength. The synthesis of PNA oligomers can be performed using 

15 standard solid phase peptide synthesis protocols as described in Hyrup, et al, 1996. supra; 
Perry-OTCeefe, et aL, 1996. Proc. Natl Acad. Sci. USA 93: 14670-14675. 

PNAs of NOVX can be used in therapeutic and diagnostic applications. For example, 
PNAs can be used as antisense or antigene agents for sequence-specific modulation of gene 
expression by, e.g., inducing transcription or translation arrest or inhibiting replication. PNAs 

20 of NOVX can also be used, for example, in the analysis of single base pair mutations in a gene 
(e.g., PNA directed PCR clamping; as artificial restriction enzymes when used in combination 
with other enzymes, e.g., Si nucleases (See, Hyrup, et al, I996.supra); or as probes or primers 
for DNA sequence and hybridization (See, Hyrup, et al, 1996, supra; Perry-O'Keefe, et al, 
1996. supra). 

25 In another embodiment, PNAs of NOVX can be modified, e.g., to enhance their 

stability or cellular uptake, by attaching lipophilic or other helper groups to PNA, by the 
formation of PNA-DNA chimeras, or by the use of liposomes or other techniques of drug 
delivery known in the art. For example, PNA-DNA chimeras of NOVX can be generated that 
may combine the advantageous properties of PNA and DNA. Such chimeras allow DNA 

30 recognition enzymes (e.g. , RNase H and DNA polymerases) to interact with the DNA portion 
while the PNA portion would provide high binding affinity and specificity. PNA-DNA 
chimeras can be linked using linkers of appropriate lengths selected in terms of base stacking, 
number of bonds between the nucleobases, and orientation (see, Hyrup, et al., 1996. supra). 
The synthesis of PNA-DNA chimeras can be performed as described in Hyrup, et al, 1996. 
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supra and Finn, et aL, 1996. Nucl Acids Res 24: 3357-3363. For example, a DNA chain can 
be synthesized on a solid support using standard phosphoramidite coupling chemistry, and 
modified nucleoside analogs, e.g., 5 t -(4-methoxytrityl)amino-5 , «deoxy-thyinidine 
phosphoramidite, can be used between the PNA and the 5' end of DNA. See, e.g., Mag, et aL, 
1989. Nucl Acid Res 17: 5973-5988. PNA monomers are then coupled in a stepwise manner 
to produce a chimeric molecule with a 5' PNA segment and a 3 f DNA segment. See, e.g. t 
Finn, et aL, 1996. supra. Alternatively, chimeric molecules can be synthesized with a 5' DNA 
segment and a 3 1 PNA segment. See, e.g., Petersen, etaL, 1975. Bioorg. Med. Chem. Lett 5: 
1119-11124. 

In other embodiments, the oligonucleotide may include other appended groups such as 
peptides {e.g., for targeting host cell receptors in vivo), or agents facilitating transport across 
the cell membrane (see, e.g., Letsinger, et aL, 1989. Proc. Natl Acad. Sci. U.S.A. 86: 
6553-6556; Lemaitre, et aL, 1987. Proc. Natl. Acad. Set 84: 648-652; PCT Publication No. 
WO88/09810) or the blood-brain barrier {see, e.g., PCT Publication No. WO 89/10134). In 
addition, oligonucleotides can be modified with hybridization triggered cleavage agents {see, 
e.g., Krol, et aL, 1988. BioTechniques 6:958-976) or intercalating agents {see, e.g., Zon, 1988. 
Pharm. Res. 5: 539-549). To this end, the oligonucleotide may be conjugated to another 
molecule, e.g., a peptide, a hybridization triggered cross-linking agent, a transport agent, a 
hybridization-triggered cleavage agent, and the like. 

20 NOVX Polypeptides 

A polypeptide according to the invention includes a polypeptide including the amino 
acid sequence of NOVX polypeptides whose sequences are provided in SEQ ID NOS:2, 4, 6, 
8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32. The invention also includes a mutant or 
variant protein any of whose residues may be changed from the corresponding residues shown 
25 in SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 while still encoding 
a protein that maintains its NOVX activities and physiological functions, or a functional 
fragment thereof. 

In general, an NOVX variant that preserves NOVX-like function includes any variant 
in which residues at a particular position in the sequence have been substituted by other amino 
30 acids, and further include the possibility of inserting an additional residue or residues between 
two residues of the parent protein as well as the possibility of deleting one or more residues 
from the parent sequence. Any amino acid substitution, insertion, or deletion is encompassed 
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by the invention. In favorable circumstances, the substitution is a conservative substitution as 
defined above. 

One aspect of the invention pertains to isolated NOVX proteins, and biologically- 
active portions thereof, or derivatives, fragments, analogs or homologs thereof. Also provided 
are polypeptide fragments suitable for use as immunogens to raise anti-NOVX antibodies. In 
one embodiment, native NOVX proteins can be isolated from cells or tissue sources by an 
appropriate purification scheme using standard protein purification techniques. In another 
embodiment, NOVX proteins are produced by recombinant DNA techniques. Alternative to 
recombinant expression, an NOVX protein or polypeptide can be synthesized chemically 
using standard peptide synthesis techniques. 

An "isolated" or "purified" polypeptide or protein or biologically-active portion thereof 
is substantially free of cellular material or other contaminating proteins from the cell or tissue 
source from which the NOVX protein is derived, or substantially free from chemical 
precursors or other chemicals when chemically synthesized. The language "substantially free 
of cellular material" includes preparations of NOVX proteins in which the protein is separated 
from cellular components of the cells from which it is isolated or recombinantly-produced. In 
one embodiment, the language "substantially free of cellular material" includes preparations of 
NOVX proteins having less than about 30% (by dry weight) of non-NOVX proteins (also 
referred to herein as a "contaminating protein"), more preferably less than about 20% of 
non-NOVX proteins, still more preferably less than about 10% of non-NOVX proteins, and 
most preferably less than about 5% of non-NOVX proteins. When the NOVX protein or 
biologically-active portion thereof is recombinantly-produced, it is also preferably 
substantially free of culture medium, i.e., culture medium represents less than about 20%, 
more preferably less than about 10%, and most preferably less than about 5% of the volume of 
the NOVX protein preparation. 

The language "substantially free of chemical precursors or other chemicals" includes 
preparations of NOVX proteins in which the protein is separated from chemical precursors or 
other chemicals that are involved in the synthesis of the protein. In one embodiment, the 
language "substantially free of chemical precursors or other chemicals" includes preparations 
of NOVX proteins having less than about 30% (by dry weight) of chemical precursors or 
non-NOVX chemicals, more preferably less than about 20% chemical precursors or 
non-NOVX chemicals, still more preferably less than about 10% chemical precursors or 
non-NOVX chemicals, and most preferably less than about 5% chemical precursors or 
non-NOVX chemicals. 
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Biologically-active portions of NOVX proteins include peptides comprising amino 
acid sequences sufficiently homologous to or derived from the amino acid sequences of the 
NOVX proteins (e.g. 9 the amino acid sequence shown in SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 
16, 18, 20, 22, 24, 26, 28, 30, or 32) that include fewer amino acids than the full-length NOVX 
proteins, and exhibit at least one activity of an NOVX protein. Typically, biologically-active 
portions comprise a domain or motif with at least one activity of the NOVX protein. A 
biologically-active portion of an NOVX protein can be a polypeptide which is, for example, 
10, 25, 50, 100 or more amino acid residues in length. 

Moreover, other biologically-active portions, in which other regions of the protein are 
deleted, can be prepared by recombinant techniques and evaluated for one or more of the 
functional activities of a native NOVX protein. 

In an embodiment, the NOVX protein has an amino acid sequence shown SEQ ID 
NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32. In other embodiments, the 
NOVX protein is substantially homologous to SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 
22, 24, 26, 28, 30, or 32, and retains the functional activity of the protein of SEQ ID NOS:2, 4, 
6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32, yet differs in amino acid sequence due to 
natural allelic variation or mutagenesis, as described in detail, below. Accordingly, in another 
embodiment, the NOVX protein is a protein that comprises an amino acid sequence at least 
about 45% homologous to the amino acid sequence SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 
20, 22, 24, 26, 28, 30, or 32, and retains the functional activity of the NOVX proteins of SEQ 
ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32. 

Determining Homology Between Two or More Sequences 

To determine the percent homology of two amino acid sequences or of two nucleic 
acids, the sequences are aligned for optimal comparison purposes (e.g. 9 gaps can be introduced 
in the sequence of a first amino acid or nucleic acid sequence for optimal alignment with a 
second amino or nucleic acid sequence). The amino acid residues or nucleotides at 
corresponding amino acid positions or nucleotide positions are then compared. When a 
position in the first sequence is occupied by the same amino acid residue or nucleotide as the 
corresponding position in the second sequence, then the molecules are homologous at that 
position (i.e., as used herein amino acid or nucleic acid "homology" is equivalent to amino 
acid or nucleic acid "identity"). 

The nucleic acid sequence homology may be determined as the degree of identity 
between two sequences. The homology may be determined using computer programs known 
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in the art, such as GAP software provided in the GCG program package. See, Needleman and 
Wunsch, 1970. JMolBiol 48: 443-453. Using GCG GAP software with the following settings 
for nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP extension 
penalty of 0.3, the coding region of the analogous nucleic acid sequences referred to above 
exhibits a degree of identity preferably of at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 
99%, with the CDS (encoding) part of the DNA sequence shown in SEQ ID NOS:l, 3, 5, 7, 9, 
11, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 31. 

The term "sequence identity" refers to the degree to which two polynucleotide or 
polypeptide sequences are identical on a residue-by-residue basis over a particular region of 
comparison. The term "percentage of sequence identity" is calculated by comparing two 
optimally aligned sequences over that region of comparison, determining the number of 
positions at which the identical nucleic acid base (eg., A, T, C, G, U, or I, in the case of 
nucleic acids) occurs in both sequences to yield the number of matched positions, dividing the 
number of matched positions by the total number of positions in the region of comparison (i.e., 
the window size), and multiplying the result by 100 to yield the percentage of sequence 
identity. The term "substantial identity" as used herein denotes a characteristic of a 
polynucleotide sequence, wherein the polynucleotide comprises a sequence that has at least 80 
percent sequence identity, preferably at least 85 percent identity and often 90 to 95 percent 
sequence identity, more usually at least 99 percent sequence identity as compared to, a 
reference sequence over a comparison region. 

Chimeric and Fusion Proteins 

The invention also provides NOVX chimeric or fusion proteins. As used herein, an 
NOVX "chimeric protein" or "fusion protein" comprises an NOVX polypeptide operatively- 
linked to a non-NOVX polypeptide. An "NOVX polypeptide" refers to a polypeptide having 
an amino acid sequence corresponding to an NOVX protein SEQ ID NOS:2, 4, 6, 8, 10, 12, 
14, 16, 18, 20, 22, 24, 26, 28, 30, or 32, whereas a "non-NOVX polypeptide" refers to a 
polypeptide having an amino acid sequence corresponding to a protein that is not substantially 
homologous to the NOVX protein, e.g., a protein that is different from the NOVX protein and 
that is derived from the same or a different organism. Within an NOVX fusion protein the 
NOVX polypeptide can correspond to all or a portion of an NOVX protein. In one 
embodiment, an NOVX fusion protein comprises at least one biologically-active portion of an 
NOVX protein. In another embodiment, an NOVX fusion protein comprises at least two 
biologically-active portions of an NOVX protein. In yet another embodiment, an NOVX 
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fusion protein comprises at least three biologically-active portions of an NOVX protein. 
Within the fusion protein, the term "operatively-linked" is intended to indicate that the NOVX 
polypeptide and the non-NOVX polypeptide are fused in-frame with one another. The 
non-NOVX polypeptide can be fused to the N-terminus or C-terminus of the NOVX 
5 polypeptide. 

In one embodiment, the fusion protein is a GST-NO VX fusion protein in which the 
NOVX sequences are fused to the C-terminus of the GST (glutathione S-transferase) 
sequences. Such fusion proteins can facilitate the purification of recombinant NOVX 
polypeptides. 

10 In another embodiment, the fusion protein is an NOVX protein containing a 

heterologous signal sequence at its N-terminus. In certain host cells (e.g., mammalian host 
cells), expression and/or secretion of NOVX can be increased through use of a heterologous 
signal sequence. 

In yet another embodiment, the fusion protein is anNOVX-immunoglobulin fusion 

15 protein in which the NOVX sequences are fused to sequences derived from a member of the 
immunoglobulin protein family. The NOVX-immunoglobulin fusion proteins of the invention 
can be incorporated into pharmaceutical compositions and administered to a subject to inhibit 
an interaction between an NOVX ligand and an NOVX protein on the surface of a cell, to 
thereby suppress NOVX-mediated signal transduction in vivo. The NOVX-immunoglobulin 

20 fusion proteins can be used to affect the bioavailability of an NOVX cognate ligand. 

Inhibition of the NOVX ligand/NOVX interaction may be useful therapeutically for both the 
treatment of proliferative and differentiative disorders, as well as modulating {e.g. promoting 
or inhibiting) cell survival Moreover, the NOVX-immunoglobulin fusion proteins of the 
invention can be used as immunogens to produce anti-NOVX antibodies in a subject, to purify 

25 NOVX ligands, and in screening assays to identify molecules that inhibit the interaction of 
NOVX with an NOVX ligand. 

An NOVX chimeric or fusion protein of the invention can be produced by standard 
recombinant DNA techniques. For example, DNA fragments coding for the different 
polypeptide sequences are ligated together in-frame in accordance with conventional 

30 techniques, e.g. , by employing blunt-ended or stagger-ended termini for ligation, restriction 
enzyme digestion to provide for appropriate termini, fQling-in of cohesive ends as appropriate, 
alkaline phosphatase treatment to avoid undesirable joining, and enzymatic ligation. In 
another embodiment, the fusion gene can be synthesized by conventional techniques including 
automated DNA synthesizers. Alternatively, PCR amplification of gene fragments can be 
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carried out using anchor primers that give rise to complementary overhangs between two 
consecutive gene fragments that can subsequently be annealed and reamplified to generate a 
chimeric gene sequence (see, e.g., Ausubei, et ah (eds.) CURRENT PROTOCOLS IN MOLECULAR 
Biology, John Wiley & Sons, 1992). Moreover, many expression vectors are commercially 
5 available that already encode a fusion moiety (e.g. , a GST polypeptide). An NOVX-encoding 
nucleic acid can be cloned into such an expression vector such that the fusion moiety is linked 
in-frame to the NOVX protein. 



NOVX Agonists and Antagonists 

10 The invention also pertains to variants of the NOVX proteins that function as either 

NOVX agonists (i.e., mimetics) or as NOVX antagonists. Variants of the NOVX protein can 
be generated by mutagenesis (e.g., discrete point mutation or truncation of the NOVX protein). 
An agonist of the NOVX protein can retain substantially the same, or a subset of, the 
biological activities of the naturally occurring form of the NOVX protein. An antagonist of 

1 5 the NOVX protein can inhibit one or more of the activities of the naturally occurring form of 
the NOVX protein by, for example, competitively binding to a downstream or upstream 
member of a cellular signaling cascade which includes the NOVX protein. Thus, specific 
biological effects can be elicited by treatment with a variant of limited function. In one 
embodiment, treatment of a subject with a variant having a subset of the biological activities 

20 of the naturally occurring form of the protein has fewer side effects in a subject relative to 
treatment with the naturally occurring form of the NOVX proteins. 

Variants of the NOVX proteins that function as either NOVX agonists (i.e. t mimetics) 
or as NOVX antagonists can be identified by screening combinatorial libraries of mutants 
(e.g. 9 truncation mutants) of the NOVX proteins for NOVX protein agonist or antagonist 

25 activity. In one embodiment, a variegated library of NOVX variants is generated by 

combinatorial mutagenesis at the nucleic acid level and is encoded by a variegated gene 
library. A variegated library of NOVX variants can be produced by, for example, 
enzymatically ligating a mixture of synthetic oligonucleotides into gene sequences such that a 
degenerate set of potential NOVX sequences is expressible as individual polypeptides, or 

30 alternatively, as a set of larger fusion proteins (e.g., for phage display) containing the set of 
NOVX sequences therein. There are a variety of methods which can be used to produce 
libraries of potential NOVX variants from a degenerate oligonucleotide sequence. Chemical 
synthesis of a degenerate gene sequence can be performed in an automatic DNA synthesizer, 
and the synthetic gene then ligated into an appropriate expression vector. Use of a degenerate 
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set pf genes allows for the provision, in one mixture, of all of the sequences encoding the 
desired set of potential NOVX sequences. Methods for synthesizing degenerate 
oligonucleotides are well-known within the art. See, e.g.; Narang, 1983. Tetrahedron 39: 3; 
Itakura, et al 9 1984. Annu. Rev. Biochem. 53: 323; Itakura, et al, 1984. Science 198: 1056; 
5 Ike, et al, 1983. Nucl. Acids Res. 1 1 : 477. 

Polypeptide Libraries 

In addition, libraries of fragments of the NOVX protein coding sequences can be used 
to generate a variegated population of NOVX fragments for screening and subsequent 

10 selection of variants of an NOVX protein. In one embodiment, a library of coding sequence 
fragments can be generated by treating a double stranded PCR fragment of an NOVX coding 
sequence with a nuclease under conditions wherein nicking occurs only about once per 
molecule, denaturing the double stranded DNA, renaturing the DNA to form double-stranded 
DNA that can include sense/antisense pairs from different nicked products, removing single 

15 stranded portions from reformed duplexes by treatment with Si nuclease, and ligating the 

resulting fragment library into an expression vector. By this method, expression libraries can 
be derived which encodes N-terminal and internal fragments of various sizes of the NOVX 
proteins. 

Various techniques are known in the art for screening gene products of combinatorial 
20 libraries made by point mutations or truncation, and for screening cDNA libraries for gene 
products having a selected property. Such techniques are adaptable for rapid screening of the 
gene libraries generated by the combinatorial mutagenesis of NOVX proteins. The most 
widely used techniques, which are amenable to high throughput analysis, for screening large 
gene libraries typically include cloning the gene library into replicable expression vectors, 
25 transforming appropriate cells with the resulting library of vectors, and expressing the 
combinatorial genes under conditions in which detection of a desired activity facilitates 
isolation of the vector encoding the gene whose product was detected. Recursive ensemble 
mutagenesis (REM), a new technique that enhances the frequency of functional mutants in the 
libraries, can be used in combination with the screening assays to identify NOVX variants. 
30 See, e.g., Arkin and Yourvan, 1992. Proc. Natl. Acad. Sci. USA 89: 781 1-7815; Delgrave, et 
al, 1993. Protein Engineering 6:327-33 1 . 
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Anti-NOVX Antibodies 

Also included in the invention are antibodies to NOVX proteins, or fragments of 
NOVX proteins. The term "antibody" as used herein refers to immunoglobulin molecules and 
immunologically active portions of immunoglobulin (Ig) molecules, i.e., molecules that 
5 contain an antigen binding site that specifically binds (immunoreacts with) an antigen. Such 
antibodies include, but are not limited to, polyclonal, monoclonal, chimeric, single chain, F a b, 
Fab» and F (ab ')2 fragments, and an F a b expression library. In general, an antibody molecule 
obtained from humans relates to any of the classes IgG, IgM, IgA, IgE and IgD, which differ 
from one another by the nature of the heavy chain present in the molecule. Certain classes 

10 have subclasses as well, such as IgGi, IgG2, and others. Furthermore, in humans, the light 
chain may be a kappa chain or a lambda chain. Reference herein to antibodies includes a 
reference to all such classes, subclasses and types of human antibody species. 

An isolated NOVX-related protein of the invention may be intended to serve as an 
antigen, or a portion or fragment thereof, and additionally can be used as an immunogen to 

15 generate antibodies that immunospecifically bind the antigen, using standard techniques for 
polyclonal and monoclonal antibody preparation. The full-length protein can be used or, 
alternatively, the invention provides antigenic peptide fragments of the antigen for use as 
immunogens. An antigenic peptide fragment comprises at least 6 amino acid residues of the 
amino acid sequence of the full length protein and encompasses an epitope thereof such that an 

20 antibody raised against the peptide forms a specific immune complex with the Ml length 
protein or with any fragment that contains the epitope. Preferably, the antigenic peptide 
comprises at least 10 amino acid residues, or at least 15 amino acid residues, or at least 20 
amino acid residues, or at least 30 amino acid residues. Preferred epitopes encompassed by 
the antigenic peptide are regions of the protein that are located on its surface; commonly these 

25 are hydrophilic regions. 

In certain embodiments of the invention, at least one epitope encompassed by the 
antigenic peptide is a region of NOVX-related protein that is located on the surface of the 
protein, e.g., a hydrophilic region. A hydrophobicity analysis of the human NOVX-related 
protein sequence will indicate which regions of a NOVX-related protein are particularly 

30 hydrophilic and, therefore, are likely to encode surface residues useful for targeting antibody 
production. As a means for targeting antibody production, hydropathy plots showing regions 
of hydrophilicity and hydrophobicity may be generated by any method well known in the art, 
including, for example, the Kyte Doolittle or the Hopp Woods methods, either with or without 
Fourier transformation. See, eg., Hopp and Woods, 1981, Proc. Nat. Acad Set USA 78: 
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3824-3828; Kyte and Doolittle 1982, J. Mol Biol 157: 105-142, each of which is incorporated 
herein by reference in its entirety. Antibodies that are specific for one or more domains within 
an antigenic protein, or derivatives, fragments, analogs or homologs thereof, are also provided 
herein. 

5 A protein of the invention, or a derivative, fragment, analog, homolog or ortholog 

thereof, may be utilized as an immunogen in the generation of antibodies that 
immunospecifically bind these protein components. 

Various procedures known within the art may be used for the production of polyclonal 
or monoclonal antibodies directed against a protein of the invention, or against derivatives, 
10 fragments, analogs homologs or orthologs thereof (see, for example, Antibodies: A Laboratory 
Manual, Harlow and Lane, 1988, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
NY, incorporated herein by reference). Some of these antibodies are discussed below. 

Polyclonal Antibodies 

15 For the production of polyclonal antibodies, various suitable host animals (e.g., rabbit, 

goat, mouse or other mammal) may be immunized by one or more injections with the native . 
protein, a synthetic variant thereof, or a derivative of the foregoing. An appropriate 
immunogenic preparation can contain, for example, the naturally occurring immunogenic 
protein, a chemically synthesized polypeptide representing the immunogenic protein, or a 

20 recombinantly expressed immunogenic protein. Furthermore, the protein, may be conjugated . 
to a second protein known to be immunogenic in the mammal being immunized. Examples of 
such immunogenic proteins include but are not limited to keyhole limpet hemocyanin, serum 
albumin, bovine thyroglobulin, and soybean trypsin inhibitor. The preparation can further 
include an adjuvant. Various adjuvants used to increase the immunological response include, 

25 but are not limited to, Freund f s (complete and incomplete), mineral gels (e.g., aluminum 
hydroxide), surface active substances (e.g., lysolecithin, pluronic polyols, polyanions, 
peptides, oil emulsions, dinitrophenol, etc.), adjuvants usable in humans such as Bacille 
Calmette-Guerin and Corynebacterium parvum, or similar immunostimulatory agents. 
Additional examples of adjuvants which can be employed include MPL-TDM adjuvant 

30 (monophosphoryl Lipid A, synthetic trehalose dicorynomycolate). 

The polyclonal antibody molecules directed against the immunogenic protein can be 
isolated from the mammal (e.g., from the blood) and further purified by well known 
techniques, such as affinity chromatography using protein A or protein G, which provide 
primarily the IgG fraction of immune serum. Subsequently, or alternatively, the specific 
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antigen which is the target of the immunoglobulin sought, or an epitope thereof, may be 
immobilized on a column to purify the immune specific antibody by immunoaffinity 
chromatography. Purification of immunoglobulins is discussed, for example, by D. Wilkinson 
(The Scientist, published by The Scientist, Inc., Philadelphia PA, Vol. 14, No. 8 (April 17, 
2000), pp. 25-28). 

Monoclonal Antibodies 

The term "monoclonal antibody" (MAb) or "monoclonal antibody composition", as 
used herein, refers to a population of antibody molecules that contain only one molecular 
species of antibody molecule consisting of a unique light chain gene product and a unique 
heavy chain gene product. In particular, the complementarity determining regions (CDRs) of 
the monoclonal antibody are identical in all the molecules of the population. MAbs thus 
contain an antigen binding site capable of immunoreacting with a particular epitope of the 
antigen characterized by a unique binding affinity for it. 

Monoclonal antibodies can be prepared using hybridoma methods, such as those 
described by Kohler and Milstein, Nature, 256:495 (1975). In a hybridoma method, a mouse, 
hamster, or other appropriate host animal, is typically immunized with an immunizing agent to 
elicit lymphocytes that produce or are capable of producing antibodies that will specifically 
bind to the immunizing agent. Alternatively, the lymphocytes can be immunized in. vitro. 

The immunizing agent will typically include the protein antigen, a fragment thereof or 
a fusion protein thereof. Generally, either peripheral blood lymphocytes are used if cells of 
human origin are desired, or spleen cells or lymph node cells are used if non-human 
mammalian sources are desired. The lymphocytes are then fused with an immortalized cell 
line using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell 
(Goding, Monoclonal Antibodies: Principles and Practice, Academic Press, (1986) pp. 
59-103). Immortalized cell lines are usually transformed mammalian cells, particularly 
myeloma cells of rodent, bovine and human origin. Usually, rat or mouse myeloma cell lines 
are employed. The hybridoma cells can be cultured in a suitable culture medium that 
preferably contains one or more substances that inhibit the growth or survival of the unfused, 
immortalized cells. For example, if the parental cells lack the enzyme hypoxanthine guanine 
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas 
typically will include hypoxanthine, aminopterin, and thymidine ("HAT medium"), which 
substances prevent the growth of HGPRT-deficient cells. 
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Preferred immortalized cell lines are those that fuse efficiently, support stable high 
level expression of antibody by the selected antibody-producing cells, and are sensitive to a 
medium such as HAT medium. More preferred immortalized cell lines are murine myeloma 
lines, which can be obtained, for instance, from the Salk Institute Cell Distribution Center, San 
Diego, California and the American Type Culture Collection, Manassas, Virginia. Human 
myeloma and mouse-human heteromyeloma cell lines also have been described for the 
production of human monoclonal antibodies (Kozbor, J. Immunol, 133:3001 (1984); Brodeur 
et aK, Monoclonal Antibody Production Techniques and Applications, Marcel 
Dekker, Inc., New York, (1987) pp. 51-63). 

The culture medium in which the hybridoma cells are cultured can then be assayed for 
the presence of monoclonal antibodies directed against the antigen. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma cells is determined by 
immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or 
enzyme-linked immunoabsorbent assay (ELISA). Such techniques and assays are known in 
the art. The binding affinity of the monoclonal antibody can, for example, be determined by 
the Scatchard analysis of Munson and Pollard, Anal Biochem., 107:220 (1980).. Preferably, 
antibodies having a high degree of specificity and a high binding affinity for the. target antigen 
are isolated. 

After the desired hybridoma cells are identified, the clones can be subcloned by 
limiting dilution procedures and grown by standard methods. Suitable culture media for this 
purpose include, for example, Dulbecco's Modified Eagle's Medium and RPMI-1640 medium. 
Alternatively, the hybridoma cells can be grown in vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones can be isolated or purified from 
the culture medium or ascites fluid by conventional immunoglobulin purification procedures 
such as, for example, protein A-Sepharose, hydroxylapatite chromatography, gel 
electrophoresis, dialysis, or affinity chromatography. 

The monoclonal antibodies can also be made by recombinant DNA methods, such as 
those described in U.S. Patent No. 4,816,567. DNA encoding the monoclonal antibodies of 
the invention can be readily isolated and sequenced using conventional procedures (e.g., by 
using oligonucleotide probes that are capable of binding specifically to genes encoding the 
heavy and light chains of murine antibodies). The hybridoma cells of the invention serve as a 
preferred source of such DNA. Once isolated, the DNA can be placed into expression vectors, 
which are then transfected into host cells such as simian COS cells, Chinese hamster ovary 
(CHO) cells, or myeloma cells that do not otherwise produce immunoglobulin protein, to 
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obtain the synthesis of monoclonal antibodies in the recombinant host cells. The DNA also 
can be modified, for example, by substituting the coding sequence for human heavy and light 
chain constant domains in place of the homologous murine sequences (U.S. Patent No. 
4,816,567; Morrison, Nature 368, 812-13 (1994)) or by covalently joining to the 
5 immunoglobulin coding sequence all or part of the coding sequence for a non-immunoglobulin 
polypeptide. Such a non-immunoglobulin polypeptide can be substituted for the constant 
domains of an antibody of the invention, or can be substituted for the variable domains of one 
antigen-combining site of an antibody of the invention to create a chimeric bivalent antibody. 

1 0 Humanized Antibodies 

The antibodies directed against the protein antigens of the invention can further 
comprise humanized antibodies or human antibodies. These antibodies are suitable for 
administration to humans without engendering an immune response by the human against the 
administered immunoglobulin. Humanized forms of antibodies are chimeric immunoglobulins, 

1 5 immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab 1 , F(ab f )2 or other antigen- 
binding subsequences of antibodies) that are principally comprised of the sequence of a human 
immunoglobulin, and contain minimal sequence derived from a non-human immunoglobulin. 
Humanization can be performed following the method of Winter and co-workers (Jones et aL, 
Nature, 321:522-525 (1986); Riechmann et aL, Nature, 332:323-327 (1988); Verhoeyen et aL, 

20 Science, 239:1534-1536 (1988)), by substituting rodent CDRs or CDR sequences for the 

corresponding sequences of a human antibody. (See also U.S. Patent No. 5,225,539.) In some 
instances, Fv framework residues of the human immunoglobulin are replaced by 
corresponding non-human residues. Humanized antibodies can also comprise residues which 
are found neither in the recipient antibody nor in the imported CDR or framework sequences. 

25 In general, the humanized antibody will comprise substantially all of at least one, and typically 
two, variable domains, in which all or substantially all of the CDR regions correspond to those 
of a non-human immunoglobulin and all or substantially all of the framework regions are 
those of a human immunoglobulin consensus sequence. The humanized antibody optimally 
also will comprise at least a portion of an immunoglobulin constant region (Fc), typically that 

30 of a human immunoglobulin (Jones et aL, 1986; Riechmann et aL, 1988; and Presta, Curr. Op. 
Struct. Biol, 2:593-596 (1992)). 
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Human Antibodies 

Fully human antibodies relate to antibody molecules in which essentially the entire 
sequences of both the light chain and the heavy chain, including the CDRs, arise from human 

5 genes. Such antibodies are termed "human antibodies", or "fully human antibodies" herein. 
Human monoclonal antibodies can be prepared by the trioma technique; the human B-cell 
hybridoma technique (see Kozbor, et al., 1983 Immunol Today 4: 72) and the EBV hybridoma 
technique to produce human monoclonal antibodies (see Cole, et al., 1985 In: Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Human monoclonal 

1 0 antibodies may be utilized in the practice of the present invention and may be produced by 
using human hybridomas (see Cote, et al., 1983. Proc Natl Acad Sci USA 80: 2026-2030) or 
by transforming human B-cells with Epstein Barr Virus in vitro (see Cole, et al., 1985 In: 
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

In addition, human antibodies can also be produced using additional techniques, 

15 including phage display libraries (Hoogenboom and Winter, J. Mol Biol, 227:381 (1991); 
Marks et al., /. Mol Biol, 222:581 (1991)). Similarly, human antibodies can be made by 
introducing human immunoglobulin loci into transgenic animals, e.g., mice in which the 
endogenous immunoglobulin genes have been partially or completely inactivated. Upon 
challenge, human antibody production is observed, which closely resembles that seen in 

20 humans in all respects, including gene rearrangement, assembly, and antibody repertoire. This 
approach is described, for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 
5,625,126; 5,633,425; 5,661,016, and in Marks et al. {Bio/Technology 10, 779-783 (1992)); 
Lonberg et al. {Nature 368 856-859 (1994)); Morrison {Nature 368, 812-13 (1994)); Fishwild 
et al,( Nature Biotechnology 1 4, 845-5 1 (1 996)); Neuberger {Nature Biotechnology 1 4, 826 

25 (1996)); and Lonberg and Huszar {Intern. Rev. Immunol 13 65-93 (1995)). 

Human antibodies may additionally be produced using transgenic nonhuman animals 
which are modified so as to produce fully human antibodies rather than the animal's 
endogenous antibodies in response to challenge by an antigen. (See PCT publication 
WO94/02602). The endogenous genes encoding the heavy and light immunoglobulin chains in 

30 the nonhuman host have been incapacitated, and active loci encoding human heavy and light 
chain immunoglobulins are inserted into the host's genome. The human genes are 
incorporated, for example, using yeast artificial chromosomes containing the requisite human 
DNA segments. An animal which provides all the desired modifications is then obtained as 
progeny by crossbreeding intermediate transgenic animals containing fewer than the full 
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complement of the modifications. The preferred embodiment of such a nonhuman animal is a 
mouse, and is termed the Xenomouse™ as disclosed in PCT publications WO 96/33735 and 
WO 96/34096. This animal produces B cells which secrete fully human immunoglobulins. 
The antibodies can be obtained directly from the animal after immunization with an 
immunogen of interest, as, for example, a preparation of a polyclonal antibody, or alternatively 
from immortalized B cells derived from the animal, such as hybridomas producing 
monoclonal antibodies. Additionally, the genes encoding the immunoglobulins with human 
variable regions can be recovered and expressed to obtain the antibodies directly, or can be 
further modified to obtain analogs of antibodies such as, for example, single chain Fv 
molecules. 

An example of a method of producing a nonhuman host, exemplified as a mouse, 
lacking expression of an endogenous immunoglobulin heavy chain is disclosed in U.S. Patent 
No. 5,939,598. It can be obtained by a method including deleting the J segment genes from at 
least one endogenous heavy chain locus in an embryonic stem cell to prevent rearrangement of 
the locus and to prevent formation of a transcript of a rearranged immunoglobulin heavy chain 
locus, the deletion being effected by a targeting vector containing a gene encoding a selectable 
marker; and producing from the embryonic stem cell a transgenic mouse whose somatic and 
germ cells contain the gene encoding the selectable marker. 

A method for producing an antibody of interest, such as a human antibody, is disclosed 
in U.S. Patent No. 5,916,771. It includes introducing an expression vector that contains a 
nucleotide sequence encoding a heavy chain into one mammalian host cell in culture, 
introducing an expression vector containing a nucleotide sequence encoding a light chain into 
another mammalian host cell, and fusing the two cells to form a hybrid cell. The hybrid cell 
expresses an antibody containing the heavy chain and the light chain. 

In a further improvement on this procedure, a method for identifying a clinically 
relevant epitope on an immunogen, and a correlative method for selecting an antibody that 
binds immunospecifically to the relevant epitope with high affinity, are disclosed in PCT 
publication WO 99/53049. 

F ab Fragments and Single Chain Antibodies 

According to the invention, techniques can be adapted for the production of 
single-chain antibodies specific to an antigenic protein of the invention (see e.g., U.S. Patent 
No. 4,946,778). In addition, methods can be adapted for the construction of F ab expression 
libraries (see e.g., Huse, et al., 1989 Science 246: 1275-1281) to allow rapid and effective 
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identification of monoclonal F^ fragments with the desired specificity for a protein or 
derivatives, fragments, analogs or homologs thereof Antibody fragments that contain the 
idiotypes to a protein antigen may be produced by techniques known in the art including, but 
not limited to: (i) an F( a b02 fragment produced by pepsin digestion of an antibody molecule; (ii) 
5 an Fab fragment generated by reducing the disulfide bridges of an fragment; (iii) an F a b 
fragment generated by the treatment of the antibody molecule with papain and a reducing 
agent and (iv) F v fragments. 

Bispecific Antibodies 

10 Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that 

have binding specificities for at least two different antigens. In the present case, one of the 
binding specificities is for an antigenic protein of the invention. The second binding target is 
any other antigen, and advantageously is a cell-surface protein or receptor or receptor subunit. 
Methods for making bispecific antibodies are known in the art. Traditionally, the 

15 recombinant production of bispecific antibodies is based on the co-expression of two 

immunoglobulin heavy-chain/light-chain pairs, where the two heavy chains have different 
specificities (Milstein and Cuello, Nature, 305:537-539 (1983)). Because of the random 
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce 
a potential mixture often different antibody molecules, of which only one has the correct 

20 bispecific structure. The purification of the correct molecule is usually accomplished by 

affinity chromatography steps. Similar procedures are disclosed in WO 93/08829, published 
13 May 1993, and in Traunecker et al 9 1991 EMBOJ., 10:3655-3659. 

Antibody variable domains with the desired binding specificities (antibody-antigen 
combining sites) can be fused to immunoglobulin constant domain sequences. The fusion 

25 preferably is with an immunoglobulin heavy-chain constant domain, comprising at least part 
of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant 
region (CHI) containing the site necessary for light-chain binding present in at least one of the 
fusions. DNAs encoding the immunoglobulin heavy-chain fusions and, if desired, the 
immunoglobulin light chain, are inserted into separate expression vectors, and are co- 

30 transfected into a suitable host organism. For further details of generating bispecific 
antibodies see, for example, Suresh et al., Methods in Enzymology, 121:210 (1986). 

According to another approach described in WO 96/2701 1, the interface between a pair 
of antibody molecules can be engineered to maximize the percentage of heterodimers which 
are recovered from recombinant cell culture. The preferred interface comprises at least a part 
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of the CH3 region of an antibody constant domain. In this method, one or more small amino 
acid side chains from the interface of the first antibody molecule are replaced with larger side 
chains (e.g. tyrosine or tryptophan). Compensatory "cavities" of identical or similar size to the 
large side chain(s) are created on the interface of the second antibody molecule by replacing 
large amino acid side chains with smaller ones (e.g. alanine or threonine). This provides a 
mechanism for increasing the yield of the heterodimer over other unwanted end-products such 
as homodimers. 

Bispecific antibodies can be prepared as full length antibodies or antibody fragments 
(e.g. F(ab') 2 bispecific antibodies). Techniques for generating bispecific antibodies from 
antibody fragments have been described in the literature. For example, bispecific antibodies 
can be prepared using chemical linkage. Brennan et al., Science 229:81 (1985) describe a 
procedure wherein intact antibodies are proteolytically cleaved to generate F(ab')2 fragments. 
These fragments are reduced in the presence of the dithiol com26S protease regulatory subunit 
4g agent sodium arsenite to stabilize vicinal dithiois and prevent intermolecular disulfide 
formation. The Fab' fragments generated are then converted to thionitrobenzoate (TNB) 
derivatives. One of the Fab'-TNB derivatives is then reconverted to the Fab'-thiol by 
reduction with mercaptoethylamine and is mixed with an equimolar amount of the other 
Fab'-TNB derivative to form the bispecific antibody. The bispecific antibodies produced can 
be used as agents for the selective immobilization of enzymes. 

Additionally, Fab' fragments can be directly recovered from E. coli and chemically 
coupled to form bispecific antibodies. Shalaby et al., J. Exp. Med. 175:217-225 (1992) 
describe the production of a fully humanized bispecific antibody F(ab') 2 molecule. Each Fab' 
fragment was separately secreted from E. coli and subjected to directed chemical coupling in 
vitro to form the bispecific antibody. The bispecific antibody thus formed was able to bind to 
cells overexpressing the ErbB2 receptor and normal human T cells, as well as trigger the lytic 
activity of human cytotoxic lymphocytes against human breast tumor targets. 

Various techniques for making and isolating bispecific antibody fragments directly 
from recombinant cell culture have also been described. For example, bispecific antibodies 
have been produced using leucine zippers. Kostelny et al., J. Immunol 148(5):1547-1553 
(1992). The leucine zipper peptides from the Fos and Jun proteins were linked to the Fab' 
portions of two different antibodies by gene fusion. The antibody homodimers were reduced 
at the hinge region to form monomers and then re-oxidized to form the antibody heterodimers. 
This method can also be utilized for the prdduction of antibody homodimers. The "diabody" 
technology described by Hollinger et al., Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993) has 
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provided an alternative mechanism for making bispecific antibody fragments. The fragments 
comprise a heavy-chain variable domain (Vh) connected to a light-chain variable domain (Vl) 
by a linker which is too short to allow pairing between the two domains on the same chain. 
Accordingly, the Vh and Vl domains of one fragment are forced to pair with the 
5 complementary Vl and Vh domains of another fragment, thereby forming two antigen-binding 
sites. Another strategy for making bispecific antibody fragments by the use of single-chain Fv 
(sFv) dimers has also been reported. See, Gruber et al., J. Immunol 152:5368 (1994). 

Antibodies with more than two valencies are contemplated. For example, trispecific 
antibodies can be prepared. Tutt et al., J. Immunol. 147:60 (1991). 

10 Exemplary bispecific antibodies can bind to two different epitopes, at least one of 

which originates in the protein antigen of the invention. Alternatively, an anti-antigenic arm 
of an immunoglobulin molecule can be combined with an arm which binds to a triggering 
molecule on a leukocyte such as a T-cell receptor molecule (e.g. CD2, CD3, CD28, or B7), or 
Fc receptors for IgG (FcyR), such as FcyRI (CD64), FcyRII (CD32) and FcyRIII (CD16) so as 

15 to focus cellular defense mechanisms to the cell expressing the particular antigen. Bispecific 
antibodies can also be used to direct cytotoxic agents to cells which express a particular 
antigen. These antibodies possess an antigen-binding arm and an arm which binds a cytotoxic 
agent or a radionuclide chelator, such as EOTUBE, DPTA, DOTA, or TETA. Another 
bispecific antibody of interest binds the protein antigen described herein and further binds 

20 tissue factor (TF). 

Heteroconjugate Antibodies 

Heteroconjugate antibodies are also within the scope of the present invention. 

Heteroconjugate antibodies are composed of two covalently joined antibodies. Such 
25 antibodies have, for example, been proposed to target immune system cells to unwanted cells 

(U.S. Patent No. 4,676,980), and for treatment of HIV infection (WO 91/00360; WO 

92/200373; EP 03089). It is contemplated that the antibodies can be prepared in vitro using 

known methods in synthetic protein chemistry, including those involving crosslinking agents. 

For example, immunotoxins can be constructed using a disulfide exchange reaction or by 
30 forming a thioether bond. Examples of suitable reagents for this purpose include iminothiolate 

and methyl-4-mercaptobutyrimidate and those disclosed, for example, in U.S. Patent No. 

4,676,980. 
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Effector Function Engineering 

It can be desirable to modify the antibody of the invention with respect to effector 
function, so as to enhance, e.g., the effectiveness of the antibody in treating cancer. For 
example, cysteine residue(s) can be introduced into the Fc region, thereby allowing interchain 
disulfide bond formation in this region. The homodimeric antibody thus generated can have 
improved internahzation capability and/or increased complement-mediated cell killing and 
antibody-dependent cellular cytotoxicity (ADCC). See Caron et al., J. Exp Med., 176: 1191- 
1195 (1992) and Shopes, J. Immunol, 148: 2918-2922 (1992). Homodimeric antibodies with 
enhanced anti-tumor activity can also be prepared using heterobifunctional cross-linkers as 
described in Wolff et al. Cancer Research, 53: 2560-2565 (1993). Alternatively, an antibody 
can be engineered that has dual Fc regions and can thereby have enhanced complement lysis 
and ADCC capabilities. See Stevenson et al., Anti-Cancer Drug Design, 3: 219-230 (1989). 

Iramunoconjugates 

The invention also pertains to immunoconjugates comprising an antibody conjugated 
to a cytotoxic agent such as a chemotherapeutic agent, toxin (e.g., an enzymatically active 
toxin of bacterial, fungal, plant, or animal origin, or fragments thereof), or a radioactive 
isotope (i.e., a radioconjugate). 

Chemotherapeutic agents useful in the generation of such immunoconjugates have 
been described above. Enzymatically active toxins and fragments thereof that can be used 
include diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain 
(from Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin, 
Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and 
PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, 
gelonin, mitogellin, restrictocin, phenomycin, enomycin, and the tricothecenes. A variety of 
radionuclides are available for the production of radioconjugated antibodies. Examples 
include 212 Bi, 131 1, 13 V 90 Y, and l86 Re. 

Conjugates of the antibody and cytotoxic agent are made using a variety of 
bifunctional protein-coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate 
(SPDP), iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl 
adipimidate HCL), active esters (such as disuccinimidyl suberate), aldehydes (such as 
glutareldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis- 
diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates 
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(such as tolyene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro- 
2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in 
Vitetta et al., Science, 238: 1098 (1987). Carbon- 14-labeled l-isothiocyanatobenzyl-3- 
methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for 
conjugation of radionucleotide to the antibody. See W094/1 1026. 

In another embodiment, the antibody can be conjugated to a "receptor" (such 
streptavidin) for utilization in tumor pretargeting wherein the antibody-receptor conjugate is 
administered to the patient, followed by removal of unbound conjugate from the circulation 
using a clearing agent and then administration of a "ligand" (e.g., avidin) that is in turn 
conjugated to a cytotoxic agent. 

In one embodiment, methods for the screening of antibodies that possess the desired 
specificity include, but are not limited to, enzyme-linked immunosorbent assay (ELISA) and 
other immunologically-mediated techniques known within the art. In a specific embodiment, 
selection of antibodies that are specific to a particular domain of an NOVX protein is 
facilitated by generation of hybridomas that bind to the fragment of an NOVX protein 
possessing such a domain. Thus, antibodies that are specific for a desired domain within an 
NOVX protein, or derivatives, fragments, analogs or homologs thereof, are also provided 
herein. 

Anti-NOVX antibodies may be used in methods known within the art relating to the 
localization and/or quantitation of an NOVX protein (e.g., for use in measuring levels of the 
NOVX protein within appropriate physiological samples, for use in diagnostic methods, for 
use in imaging the protein, and the like). In a given embodiment, antibodies for NOVX 
proteins, or derivatives, fragments, analogs or homologs thereof, that contain the antibody 
derived binding domain, are utilized as pharmacologically-active compounds (hereinafter 
"Therapeutics"). 

An anti-NOVX antibody (e.g., monoclonal antibody) can be used to isolate an NOVX 
polypeptide by standard techniques, such as affinity chromatography or immunoprecipitation. 
An anti-NOVX antibody can facilitate the purification of natural NOVX polypeptide from 
cells and of recombinantly-produced NOVX polypeptide expressed in host cells. Moreover, 
an anti-NOVX antibody can be used to detect NOVX protein (e.g., in a cellular lysate or cell 
supernatant) in order to evaluate the abundance and pattern of expression of the NOVX 
protein. Anti-NOVX antibodies can be used diagnostically to monitor protein levels in tissue 
as part of a clinical testing procedure, e.g., to, for example, determine the efficacy of a given 
treatment regimen. Detection can be facilitated by coupling (i.e., physically linking) the 
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antibody to a detectable substance. Examples of detectable substances include various 
enzymes, prosthetic groups, fluorescent materials, luminescent materials, bioluminescent 
materials, and radioactive materials. Examples of suitable enzymes include horseradish 
peroxidase, alkaline phosphatase, P-galactosidase, or acetylcholinesterase; examples of 
5 suitable prosthetic group complexes include streptavidin/biotin and avidin/biotin; examples of 
suitable fluorescent materials include umbelliferone, fluorescein, fluorescein isothiocyanate, 
rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example 
of a luminescent material includes luminol; examples of bioluminescent materials include 
luciferase, luciferin, and aequorin, and examples of suitable radioactive material include 125 I, 
10 l3 V 5 Sor 3 H. 



NOVX Recombinant Expression Vectors and Host Cells 

Another aspect of the invention pertains to vectors, preferably expression vectors, 
containing a nucleic acid encoding an NOVX protein, or derivatives, fragments, analogs or 

15 homologs thereof. As used herein, the term "vector" refers to a nucleic acid molecule capable 
of transporting another nucleic acid to which it has been linked. One type of vector is a 
"plasmid", which refers to a circular double stranded DNA loop into which additional DNA 
segments can be ligated. Another type of vector is a viral vector, wherein additional DNA 
segments can be ligated into the viral genome. Certain vectors are capable of autonomous 

20 replication in a host cell into which they are introduced bacterial vectors having a 
bacterial origin of replication and episomal mammalian vectors). Other vectors 
non-episomal mammalian vectors) are integrated into the genome of a host cell upon 
introduction into the host cell, and thereby are replicated along with the host genome. 
Moreover, certain vectors are capable of directing the expression of genes to which they are 

25 operatively-linked. Such vectors are referred to herein as "expression vectors". In general, 

expression vectors of utility in recombinant DNA techniques are often in the form of plasmids. 
In the present specification, "plasmid" and "vector" can be used interchangeably as the 
plasmid is the most commonly used form of vector. However, the invention is intended to 
include such other forms of expression vectors, such as viral vectors (e.g., replication defective 

30 retroviruses, adenoviruses and adeno-associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of the 
invention in a form suitable for expression of the nucleic acid in a host cell, which means that 
the recombinant expression vectors include one or more regulatory sequences, selected on the 
basis of the host cells to be used for expression, that is operatively-linked to the nucleic acid 
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sequence to be expressed. Within a recombinant expression vector, "operably-linked" is 
intended to mean that the nucleotide sequence of interest is linked to the regulatory 
sequence(s) in a manner that allows for expression of the nucleotide sequence (e.g., in an in 
vitro transcription/translation system or in a host cell when the vector is introduced into the 
host cell). 

The term "regulatory sequence" is intended to includes promoters, enhancers and other 
expression control elements (e.g., polyadenylation signals). Such regulatory sequences are 
described, for example, in Goeddel, Gene Expression Technology: Methods in 
Enzymology 185, Academic Press, San Diego, Calif. (1990). Regulatory sequences include 
those that direct constitutive expression of a nucleotide sequence in many types of host cell 
and those that direct expression of the nucleotide sequence only in certain host cells (e.g., 
tissue-specific regulatory sequences). It will be appreciated by those skilled in the art that the 
design of the expression vector can depend on such factors as the choice of the host cell to be 
transformed, the level of expression of protein desired, etc. The expression vectors of the 
invention can be introduced into host cells to thereby produce proteins or peptides, including 
fusion proteins or peptides, encoded by nucleic acids as described herein (e.g., NOVX 
proteins, mutant forms of NOVX proteins, fusion proteins, etc.). 

The recombinant expression vectors of the invention can be designed for expression of 
NOVX proteins in prokaryotic or eukaryotic cells. For example, NOVX proteins can be 
expressed in bacterial cells such as Escherichia coli, insect cells (using baculovirus expression 
vectors) yeast cells or mammalian cells. Suitable host cells are discussed further in Goeddel, 
Gene Expression Technology: Methods in Enzymology 185, Academic Press, San 
Diego, Calif. (1990). Alternatively, the recombinant expression vector can be transcribed and 
translated in vitro, for example using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in Escherichia coli with 
vectors containing constitutive or inducible promoters directing the expression of either fusion 
or non-fusion proteins. Fusion vectors add a number of amino acids to a protein encoded 
therein, usually to the amino terminus of the recombinant protein. Such fusion vectors 
typically serve three purposes: (i) to increase expression of recombinant protein; (it) to 
increase the solubility of the recombinant protein; and (Hi) to aid in the purification of the 
recombinant protein by acting as a ligand in affinity purification. Often, in fusion expression 
vectors, a proteolytic cleavage site is introduced at the junction of the fusion moiety and the 
recombinant protein to enable separation of the recombinant protein from the fusion moiety 
subsequent to purification of the fusion protein. Such enzymes, and their cognate recognition 
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